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It seems to be very definitely established that electrons which 
are discharged from metals under the stimulus of ultra-violet 
light have, after escaping from the metal, velocities such that 
their kinetic energies are given by the Einstein equation, }mv*= 
hv—p, where h=Planck’s constant, y= the vibration frequency 
of the exciting light and p=the work required to remove the 
electron from the metal. Before leaving the metal the energy of a 
discharged electron must have been $mv*=hy. 

It is hard to think of an electron as having, while associated 
with an electropositive sub-atom, any independent velocity 
except a vibrational or an orbital velocity about the electropositive 
sub-atom. If an electron be revolving in an elliptical or circular 
orbit about its positive sub-atom, it seems probable that in some 
circumstances its velocity may be accelerated by light vibrations 

* Read at the meeting of the Pacific Division of the A.A.A.S., at San Diego, 
California, August 10, 1916. 
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of its own frequency until its centrifugal force exceeds the centrip- 
etal force due to the attraction of its positive nucleus, in which 
case it will escape as a free electron, with a rectilinear velocity only 
slightly less than its orbital velocity at the instant of escape. 

If this represents the conditions of photoelectric discharge, 
and if the electrons before their escape were moving in elliptical 
or circular orbits with orbital velocities such that 4mv?=hv, the 
Einstein equation gives us a means of computing the mean orbital 
radius of such electrons. Thus, 


eu” and v= - 
m m 


The velocity of a particle moving in a circular orbit is v= 27Rv. 
Equating these two values of v and solving for R, we have 
a 
2m*vm 
h=6.57X10777 
m= 10777 





2m’*=19.72 
Hence R?v=0. 333. 


If we use instead of v, \, the wave-length of the exciting light, we 
have R?=1.1\X107"". 

This equation would indicate a different electronic radius for 
each separate line in the spectrum, and would tell us very little about 
the—so-called—true atomic radius or the radius of the central 
positive atom about which the electrons are assumed to revolve. It 
is well known, however, that in a considerable number of elements 
there are certain series of spectral lines whose wave-lengths may be 
computed from more or less simple mathematical formulae. All 
of these series converge toward a shortest possible wave-length, 
which we may assume to be the shortest wave-length which could 
exist in the system to which the vibrating electrons belong. If the 
electrons which produce the spectral lines of the series are moving in 
orbits about a central positive nucleus, then, apparently, no electron 
in the system can be closer to the central nucleus than the electron 
which would give rise to the convergence wave-length. For pur- 
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poses of comparison we may accordingly assume that the orbital 
radius corresponding to the convergence wave-length represents the 
radius of the central positive mass outside of which all the electrons 
of the system are revolving. 

Unfortunately for our comparison, only a few atomic radii have 
been calculated. A very few molecular radii have been computed 
from the kinetic gas theory, and Heydweiller has computed the 
relative diameters of a number of atoms by adopting the assump- 
tion of the authors of the Lorenz-Lorentz refraction formula that 


 w—t hie 
the ratio na ©xPresses the ratio of the true volume to the appar- 


ent volume of an atom. He has then assumed a diameter for the 














TABLE I 
R rrom Ernstein Equation 
ELEMENT Hervpwenzez | Coss Roor os [eee 
Rap VoLuME Principal P Subordinate 
i ayn ay Ged aluieid | 0.85 2.18 2.3 2.0 
i hn o éwiare dbl 0.87 2.40 1.59 1.96 
cians +6 >ciebee sued 0.96 2.87 1.63 2.12 
I + is ws we oa eam I.19 3-57 1.77 2.24 
IN 6 b0esenseeaeeen 1.31 3.83 1.81 
rg a ges 4. Se 1.46 4.13 1.87 - 
Triplet Series 

ee 1,00 C2 > Rivas cdeanten 1.66 
a axon eubinn ewe <¥ 1.21 S.08- ci haiech cones 1.80 
ES a 1.31 SOP *isdilesesa cea 1.87 
SE ey ere ere 1.19 SAD) Aigkene veces nig 
LS wisi k on balcnn ees 1.35 2.25. Redietesasks — 
Ss ad x s0o eh akon I.19 RG ss atieken wc o8 a 
Picks knensscneneane . ee eee “5 
ilver | 1.37 2.17 1.87 














hydrogen atom based upon the determinations of the molecular 
diameter calculated from the kinetic gas theory, and has made this 
his basis for calculating the actual diameters of the atoms. We 
may also assume that the cube roots of the apparent gram-atomic 
volumes are approximately proportional to the atomic radii, 
especially within a group of similar atoms, without making the 
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Lorenz-Lorentz correction. By comparing the atomic radii 
calculated by these methods with the radii given by Einstein’s equa- 
tion we may, perhaps, gain further evidence as to the probability of 
an orbital motion on the part of radiating electrons. Whether 
this evidence is regarded as important or not, we shall, at least, be 
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able to show a relation between the convergence wave-length of a 
spectral series and a true physical constant of the respective atoms, 
viz., the radius. This is shown in Table I, in which the calcu- 
lated radii are multiplied by 10%. 

It is seen from Table I that the radii calculated from the 
Einstein equation are approximately twice as great as those com- 
puted by Heydweiller and are not strictly proportional to them. 
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Within each group of similar elements, however, this proportion- 
ality is very close. This fact is shown graphically for the alkali 
elements in Fig. tr. 

It can also be shown that the Heydweiller radii are, within 
similar groups, very closely proportional to the square roots of the 
convergence wave-lengths. In fact, the Heydweiller radii within 
individual groups can be calculated as accurately from the con- 
vergence wave-lengths as from Heydweiller’s original data. Thus, 
for the first subordinate series the radii of sodium, potassium, 
rubidium, and caesium may be calculated from the equation 











V »— 508 : 
R= lh it as is shown in Table II: 
137-5 
TABLE. II 
Element Rfrom VA Heydweiller’s R 
DA Deis vind ovaeeede 0.953 0.965 
edd sigedien es sxhnapes 1.207 1.19 
DNs Seheeu ne snaneees 1.324 1.131 
RS eae pee ire eae 1.454 1.465 











The Heydweiller radii for magnesium, calcium, and strontium 
V A—304 











may be calculated from the equation R= with the agree- 
ment shown in Table III. 
TABLE III 
Element | R from / A | Heydweiller’s R 
BG decrees sevabeegns € 1.005 
TER GET 1.2 1.215 
ie ee ae ner 1.3 1.31 





The relation of the Heydweiller radii to the square root of the 
convergence wave-length is shown graphically for the subordinate 
series of the alkali metals in Fig. 2. The relations of the atomic 
radii as calculated from the Einstein equation and the cube roots 
of the atomic volumes are shown for three spectral series in Figs. 
3 and 4. 
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The foregoing considerations seem to show that, whether the 
radiating electrons are revolving in circular orbits about their 
positive nuclei or not, the Einstein equation gives us a method of 
calculating an orbital radius which within several groups of similar 
elements is closely proportional to the respective atomic radius. 

Another relation between the atomic radius and the constants 
used in computing wave-lengths may be found in the Ritz formula. 
In Annalen der Physik, 12, 265, 1903, Ritz gave a presentation of 
his theory of serial spectra and proposed a formula which has since 
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been shown to give extremely close results in the alkali metals, 
helium and hydrogen. This formula in its simplest form is 


a 
v=A— b\?, 
(n+o+5) 


where A is the convergence number, N, is the Rydberg universal 
constant and a and b are’constants to be determined for each series. 

In the article above mentioned Ritz gives his values of these 
constants for several series, including both the principal series and 
the two subordinate series of the alkali metals. In an article in 
Astrophysical Journal, 32, 212, 1910, Birge has used the Ritz 
formula very successfully with the principal series of the alkalies, 
the Balmer series in hydrogen and a series of twelve lines in helium. 
In Fig. 5 Ritz’s and Birge’s values of a are plotted against the 
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atomic radius computed from the Einstein equation, and in Fig. 6 
the same values of a are compared with the cube root of the respec- 
tive atomic volume. 

It will be seen that in both cases the agreement is remarkably 
close, and that there can be no reasonable doubt that the Ritz 
constant a is a function of the atomic radius. Already in his 
original paper Ritz detected a seeming relation between a and 
the atomic volume, but the variation was great enough to show 
that he had selected a wrong quantity for comparison. 
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The curves in Figs. 5 and 6 also give us some information about 
the distribution of the two subordinate series in the alkali group. 
They seem to show that the sodium series belong to one subordinate 
group and the lithium series to the other, as appears in all the 
curves where the radii of these series are plotted against some 
other constant. The Balmer series in hydrogen seems to belong 
to the subordinate group containing the sodium series. Two other 
hydrogen series having their origins at A=48764 and A =48744 
(as given by Konen) seem to belong to the group of the principal 
alkali series. The two helium series having their origins at A= 
32031 and A=2g9221 seem to belong to the group of subordinate 
series containing the lithium series, while the series originating 
at A=27173 seems to belong to the sodium group. A series in 
silver originating at A =31542 also seems to belong to the lithium 
group. Neither Ritz nor Birge gives a value of a for copper. I 
have not compared the above-mentioned series to see whether they 
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agree in their physical properties with the foregoing classification, 
and I give it here only as suggested from the curves mentioned. 
Fig. 6, in which the Ritz constant is plotted against the cube 
root of the atomic volume, enables us to estimate the atomic volumes 
of hydrogen and helium. From these curves the cube root of the 
atomic volume of hydrogen would be at 2.18 or 2. 20, according to. 
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which atomic system is used, and the cube root of the helium vol- 
ume would be 2.24 or 2.60, according to which system is con- 
sidered. 

It is probably useless to raise the question at the present time as 
to whether the different electronic systems which give rise to differ- 
ent spectral series belong to the same atom, or to different atoms; 
but to me the indications that they actually belong to different 
atoms seem very strong. 


LELAND STANFORD JUNIOR UNIVERSITY 
August 19, 1916 











PRELIMINARY EVIDENCE OF INTERNAL MOTION IN 
THE SPIRAL NEBULA MESSIER 1o1' 
. PHOTOGRAPHS BY 
G. W. Ritcuey, J. E. Keerer, C. D. PErRRINE, AND H. D. Curtis 


MEASURED AND DISCUSSED BY 
A. VAN MAANEN 


INTRODUCTION 


Although the nebulae have been under observation for many 
years, it is only within the last quarter-century that their motions 
have been detected. In 1887 Dreyer’ stated that “‘so far we do not 
possess any clear evidence of change of form or change of place.” 
Several of the older observations seemed to indicate such changes, 
but Dreyer’s careful investigation of all known cases led him to the 
conclusion that these motions must be illusory ‘unless we are to 
believe that nebulae in the good old days moved about as they 
liked, but have been on their good behavior since 1861 and kept 
quiet.”’ 

Motions of nebulae in the line of sight were first observed with 
the spectroscope by Keeler in 1890, and since that time the radial 
velocities of many of them have been determined by Campbell, 
Slipher, and others; but we remained in ignorance as to their 
cross-motions for another twenty-five years. Curtis, from a com- 
parison of plates taken with the Crossley reflector of the Lick 
Observatory by Keeler, Palmer, Perrine, and himself, published 
in 1915 the proper motions of about one hundred nebulae.‘ 

In recent years evidence of internal motion has also been dis- 
covered. Here too the radial motions were detected first. In 
1914, Buisson, Fabry, and Bourget demonstrated the existence of 
internal motions in the Orion nebula,‘ a result confirmed by Frost 


* Contributions from the Mount Wilson Solar Observatory, No. 118. 

2 Monthly Notices, 47, 413, 1887. 3 Ibid., 47, 418, 1887. 

4 Publications of the Lick Observatory, 3, 217, 228. 

5 Publications of the Astronomical Society of the Pacific, 27, 214, 1915. 

6 Comptes Rendus, 158, 1017, 1914; Astrophysical Journal, 40, 241, 1914. 
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and Maney.' In 1914 V. M. Slipher? published the “Detection 
of Nebular Rotation,” relating to the Virgo nebula, which is of the 
“spindle” type, and Wolf detected the rotation of Messier 81, while 
in 1915 Campbell and Moore‘ announced the rotation of the 
planetary nebula N.G.C. 7009. Also Pease’ discovered a possible 
internal motion in Messier 33. 

In December 1915 Mr. Ritchey suggested that the two plates 
of Messier 101 taken by him with an interval of about five years 
be placed in the stereocomparator to see if they would show motion. 
Since no motion whatever was revealed in that way, I then pro- 
posed that the plates be placed at my disposal for measurement, 
to which Mr. Ritchey kindly consented. As sixteen nebulous 
points chosen for this purpose showed some evidence of internal 
motion, I at once decided to take up the work in a more extended 
way, measuring many more points. Feeling also the necessity of 
measuring at least one other pair of plates, I asked Dr. Curtis 
if he would be willing to place at my disposal the Crossley reflector 
plates of this nebula. This request was very kindly granted, and 
Dr. Curtis sent me three plates, one by Keeler (1899), one by 
Perrine (1908), and one by himself (1914). The measures on these 
three plates and on the two made by Mr. Ritchey are discussed in 
the following pages. My thanks are due to Dr. Campbell, director 

of the Lick Observatory, and to Dr. Curtis for the use of the Lick 
' plates and for permission to publish my measures of them, and 
also to Mr. Ritchey for the use of the two plates taken by him. 


MEASURES AND DISCUSSION 


The measures were made with the “blink” arrangement of the 
stereocomparator in the manner described in “The Photographic 
Determination of Stellar Parallaxes with the 60-Inch Reflector.’” 
The plates were measured in four pairs, combined and arranged 
in the stereocomparator as shown in Table I. 


* Popular Astronomy, 23, 485, 1915. 2 Lowell Observatory Bulletin, No. 62. 
3 Vierteljahrsschrift der Astronomischen Gesellschaft, 49, 162, 1914. 

4 Harvard College Observatory Bulletin, No. 591. 

5 Publications of the Astronomical Society of the Pacific, 28, 33, 1916. 

6 Mt. Wilson Contr., No. 111, 4 ff. 
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The exposure times of the Lick Observatory plates were as 
follows: 1899, June 8, 4"; 1908, July 28, 15 45™; and 1914, March 
20, 25; the last plate being under-exposed on account of clouds. 
The exposure times of the Mount Wilson plates were: 1910, March 
ro and 11, 7% 30™ (aperture 54 inches); 1915, May 14, 15, and 
16, 8" 37™ (aperture 50 inches). 











TABLE I 
Pair a, s., ht hee Observer Remarks 
| SAE rae 1910 IQs ES. obs bnisivinwtene 
SS Sere 1915 1910 ES 
| ee 1899 1908 Keeler, Perrine 1899 through glass 
Baa «sae ss 1914 1899 Curtis, Keeler 1914 through glass 

















As the 1899 plate of the Lick Observatory was taken with the 
early arrangement of the Crossley reflector, involving the use of a 
Newtonian flat, while the later photographs were made without 
this auxiliary mirror, the field of the 1899 plate is inverted with 
respect to that of the later photographs. In. using the stereo- 
comparator it was thus necessary to measure through the glass of 
one of the plates of the Lick pairs. 

The interchange of the new and old plates in the plate-carriers 
should in the mean eliminate any relative displacement of the 
images due to the measuring instrument. 

Thirty-two stars, as near to the nebula as seemed safe, were 
used for comparison purposes. It is true, of course, that some 
of these objects may really belong to the nebula, but the results 
show that the choice of comparison stars, on the whole, was a 
fortunate one. To prevent the appearance of a magnitude error 
it was necessary to avoid a great range in brightness, and in order 
to increase as much as possible the weight of the plate-constants 
the comparison stars had to be distributed as uniformly as possible 
around the nebula. The co-ordinates of the comparison stars 
relative to the center of the nebula are given in the second and 
third columns of Table II, + indicating east and north for x and y, 
respectively. 
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In the choice of points in the nebula which were to be measured 
I tried to avoid stars. A priori no certain distinction can be made, 
but in general I avoided those points which through total absence 
of surrounding nebulosity give the impression of stars rather than 
of parts of the nebula. This is a hazardous procedure, and undoubt- 
edly some of the points do not belong to the nebula. From count- 
ings on the outer parts of the plates the conclusion was reached 
that the area containing the 87 measured points should include 
about 20 measurable stars, but several of these must have been 
omitted in choosing the points in the nebula. Further, the points 
selected must be as symmetrical in appearance as possible to avoid 
difficulties in bisecting their images. This requirement, too, could 
not be rigorously fulfilled. 











TABLE II 

Co-ORDINATES OF THE COMPARISON STARS 

x y | x y 
Discchiuuese —10'9 Bm. Biiicsodivcume +10/0 + 2'4 
Bssssvuvdave —10.3 — o.! Ficcensdeen +10.2 + 4.7 
O. stdesiuyen — 6.4 + 3.4 Pinss woveows + 8.4 + 9.1 
EE Oe — 6.6 — 8.1 Siiteussns + 4.9 + 5.9 
EE — 6.2 — 6.8 Ces ies ated + 3.3 +°5.3 
ida cthesece — 3.8 —10.9 ee ee + 9.0 +12.0 
Di ot 65 oadps — 3.4 — 8.6 , See + 6.3 +12.0 
Gin wadaye ore — 0.3 —10.7 axe so soon + 2.3 +11.0 
ees + 1.4 — 5.4 is: Biverainishod's + 1.0 +12.6 
, ee + 1.8 — 7.1 Bee ives pels — 0.2 + 8.9 
isgec wins + 2.3 — 9.4 ES dyin ots tsed — 0.6 + 6.7 
esis ation imcice + 7.3 —10.9 Dicweeesees — 3.8 + 7.8 
PE oreo: + 7.5 — 7.5 es ge os — 2.0 +11.5 
Wr ike Sed ou + 4.7 — 4.7 rt ee — 5.9 +11.1 
De vievotenes + 6.5 — 2.0 ee —10.5 + 8.4 
ee ee + 8.0 + o.1 a eee — 5.2 + 5.9 























On R I and R II, 87 nebular points were measured; on L I, 69; 
and on LII, 46. The co-ordinates of these points are given in the 
second and third columns of Table VI. 

Each pair of plates was measured in four positions with east, 
west, north, and south, respectively, in the direction of increasing 
readings of the micrometer screw. In the reductions the two 
measures of each pair in right ascension were combined into one set; 
the same was done for the measures in declination. 








| 
| 
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As the measurement of a pair of plates in one position required 
several hours, the temperature of the room was read during every 
set of measures. In no case did the range during the measures in 
one position exceed 1°C. Disturbances from this source are there- 
fore negligible. Moreover, several measures were duplicated to 
see if any shift could be detected, but no positive evidence was 
found. 

The mean of the measured differences of every object for the 
two positions of the plate which differ by 180° may be called D. 
From the values of D the proper motions in a and 6 were derived 
by a method analogous to that described in my paper on stellar 
parallaxes.t It was found from a preliminary reduction, however, 
that the quadratic terms of the co-ordinates could not here be 
neglected. The equations of condition therefore have the form 


D=p.tat+bx+cy+dx?+exy+fy? 


with a similar equation for declination. 

Supposing yw. and ys; of the comparison stars to be zero, we can 
solve the 32 equations for these stars to find the 6 plate-constants 
a, b, c, d, e, and f. This was done by the regular least-squares 
method. The constants found for each pair of plates were then 
substituted into the equations of condition for the stars and for the 
points in the nebula, thus giving wu. and ys, the proper motions in 
a and 6 relative to the mean motion of the comparison stars. 

These values of wu. and ys, still expressed in two-thousandths of 
a revolution of the micrometer screw, must be multiplied by 1.04, 
1.04, 0.84, and 0.52 for RI, RII, LI, and L II, respectively, 
to give the annual proper motion expressed with o”oo1 as a unit. 
The resulting values are entered in Table III. The first column 


contains the designation a, b,....a,8,... . for the compari- 
son stars, and the numbers 1, 2, 3,... . 87, for the nebular 
points. 


The weight to be given to each pair of plates depends on the 
scale (which for the Mount Wilson plates is 1 mm=27”20, and 
for the Lick plates 1 mm=38"73), their quality, and the interval 
in years. As the influence of quality is difficult to determine in 


* Mt. Wilson Contr., No. 111, 7 ff. 
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TABLE II 
Totat ANNUAL PROPER MOTIONS 
(Unit =0’o01) 
Ka Mg MEAN 
No. 

RI | RU} LI | La] RI} RM} LIL Me Mg 
tS ee +20 | —19 |} + 8| + 2/| +24 | —26 | +24 | +21 |] + 3 | +11 
Di seeceune +14} — 8} —53 | + 5] —10| —17 | —40 | +10] —11 | —14 
Cciseveues —28 | +9] —13 | —16 | —17 | +16 | — 4 | +16 | —12/ + 3 
Binistnaan +33 | +14 | +46 | +42 | —19| +4! — 5 | —18 | +34] —10 
Risedudest —10 | +18} +8} —2/)/—1|]+9] — 2] +33 | +4] +10 
Teale attics —18 | —27 | —23 |} —-18 | +15 | — 4) +4]— 7] —22|+ 2 
ere +5] +22) +18 | — 2] —16 | ~-14 | —12 | — 6| +11 | —12 
Mens +slewaes —-8|—7/|+ 5] -—10 o| + 8] +18 | —-18| — 5|+ 2 
eicweewie —35 | —19 | —27 | —32 | +41 | +25 | +30 | +13 | —28 | +27 
Ms a bipigeceiin —12}—4|— 3] —18| +10] +14! +10| —5|/—9|;+7 
Biveoctced + 1] +12] +14/ +9] — 5 | —20/| +20/ —14| +9] — 
aR RES —19 | —15 | —44/ — +o} +17 | +24 | +17 | —22 | +17 
iii cviivns +52 | +31 | +34 | +39 | + 8| —48 | —60/ + 9| +30 | —23 
ah dats’ +26 | +7/+ 7 | +20/] —28/] +27] —52 | +26| +15 | — 7 
Ry ian tomes — 3] —1r | —13 | —29 | —38 | + 3 | +21 | —27 | —14 | —10 
| BSc +5| +16) —5| +1] — 3| —10}] —10o|/+2/+4/-5 
Rinsemen +10| — 9] +41 | +1] +11 | +14 +23 | —15 | +11 | + 8 
aprerre= —50} +12 | — 6) +2] —-32}/—5/+5]+09] —11 | — 6 
Ri ecieows —21 | —43 | +16 | +13 | +33 | +18 | +1/}+8) — 9 | +15 
Bu tctunuwd +14} +5)]— 4] — 2] +15] —13|+3/]-—-17|+31!1-3 
Mises ivwe +24 | +11 | +2}+8/]-— 6] —18| — 1 | —22)} +11 | —12 
Giindveuecs — 6| —10 | —40 | —36 | +25 | +31 | +10] —12 | —23 | +14 
ee eee +33 | +22 | +21 | +20 | —2r | —25 | —16 | +14 | +24] —12 
Bvieasews —1r | —12 | —13 | — § | —14| +19 | +26| — 2] —10| +7 
maid see +18 | + 7 o| +6] —26| —29| —18| +9] +8] —16 
i aii al ee +26} +8)]+6/|]— 6] —51 |} —43 | — 8| +12 | +9] —23 
_ ae re o|—4/]+3{] + 8] +52] —10/] +17 | + 6] + 2] +16 
Peiaacwae —56 | — 6| —46 | —11 | +46 | +64 | +21 | +14] —30 | +36 
, eee — 1| + 6] +13 | +12 | +14 | —23 | —35 | +13 | + 8] — 8 
_ et ee —10 | — 7 | +22 | +10] —16 | +40] — 3| —14| +4] +2 
Donde tl —10 | +15 | +16 | —2t | —12 | + 4] +18 | —30 ol-s 
_ eS ea +25 | — 1] +22/ +8] +12 | —14| + 5] —32| +14|-—- 7 

Ie eh ee Meee on ET RE Boos 6c ckxent +38 | + 6 
eer —20 | —-23 | —55| —9| + 8 | +16 o| +12 | -27; +9 
RSE ee a, hee 3 ee eee a oes eee eee + 5| +17 
he vcccces +16 | — 3 | +45 | +3 +50/] +50/ +24/ — 5 | +15 | +30 
Se csceeee +7i-4/1+5173)] +6] +42] — 23 | +82 | + 3 | 487 
SS ey +7)+1 i] +68 /...... +40 | +24 | +87 |...... +25 | +50 
| Bee 2 A.) res ae 2 de Oy Pest +22 | +31 
eee +14 | +1] +15 | —15 | +18 | +48 | +15 | +7] + 4] +22 
: See +35 | +23 | +45 | +37 | —18| — 7 | —34| —49 | +35 | —27 
AR ae +14 | —10 | +35 | +15 | + 6] +33 | +34] + 6] +14 | +20 
TR cat wane - +34 | + 3|...... + 4| +560 | —24]...... +10 | +12 
__ Beerearese —22 | +19 | +61 |...... —30 | +14] — 6|...... +19|—-7 
| Re —2)/+4/+1/]— 9] +10] +20] + 5/| +15 | — 2] +13 
BG. vcccces +144/+4/+8/+3] — 2/ +15 | +23) +4] +7] +10 
BE s womans +38 | +17 | +23 | +2] — 2/ +35 | +21 | +28 | +20 | +21 
SSRN +47 | +25 | +42 | +12 | — 1 | +12 | +34 | +26 | +32 | +18 

















216 


A. VAN MAANEN 


TABLE IlI—Continued 












































Ka ry MEAN 
No. 

RI RII LI LIl RI RII LI LII Ma i) 
PE oe ot SS SS Aree oe BOO fics. ockestkes +16} +4 
A ee +43 | +33 | +01 |...... —10 |} — 2| +60]...... +56 | +16 
ee + 9 | +26 | —12 }...... —24 | + 6| +19 |...... + 4 ° 
a sisctune es —ar | + 5 | +29 |...... —42 | +17 | +22 ]...... +4/-1 
ry —12 | —43 | +18 | +26 | +22 | + 2/ +58 | +23 |] — 3 | +26 
ete epee +71-—-6/|— 8| + 3) +21 | +22| — 8| +4] — 1] +10 
Oe iscritcs . 3 eo een Ae oe te 4 ee eee +7\|-—4 
Ae oe 8 PA Cee 2 Be) ee eee +13 | +36 
We aasiases + 5| +10] — 9 |...... +20|+9/+ 1 ]...... + 2] +10 
— ee ee. 2 ee  - toon - oe oer —28 | —I9 
| ES +11 | —15 | —26 | —16 | —40 | — 2| + 6] +20] —12| — 4 
| ETS +19 | +15 | +15 |...... —75 | — 1, +30]...... +16 | —15 
ON iva dis hind +52 | — 2] —SS5 |..-.,- + 4] —31 | —8r1 |...... — 2] —36 
Rae Japa + 9) 2. § Ae BAe EET OE bocedests owes. —27 | —21 
Ene +45 | — 8 | +23 |...... +23 | —27 | —15 |...... +20 | — 6 
NASR + 4| —49 | +29 | —27 | —24 | +16 | +28 | +28 | —11 | +12 
ee —20 | —28 | —22]...... +16|+2/+9)|...... —23/|+9 
Bera eess —11 | —44 | +15 | —13 | —22 | +12 | +66 | +16 | —13 | +18 
We  aiicltes +27 | —21 | —32 | —32 | — 1] —10 | +28 | +16 | —15 | + 8 
STR +9| —30 | —12 | —21 | +5] +24| —-8/—9] —14/ +3 
SE 5 ee Se Se — © PSE bewsacchevsces —18| +9 
bikini oi , Ue = SRR ASA 6 iw 8 Oe See o | +12 
BS 900% —25 | —36/} +13} —7|/+5|+6]| — 8| +27 | —14| + 8 
Per PE WEED Bs vciesiclecs-eos oe Ge 2 SOR eee —30 | —20 
_ _ ORE fe | ee re le: ee +20 | —16 
OT ee —45 | —44 | ~1I9 |...... 16 | —27,| —29 |...... —37 | —24 
Oe iminane 3 4 Sa —22 | —45 |......]...... +12 | —34 
eee — 3| +11 | —I5 |...... - —60 | +19 |...... —2| —28 
in cages +14 | —28 | +64 ]...... +8} + 1 | —36]...... +17|- 9 
ere —11r | —29 | —36 | —20 | +29 | —16 | —12 | —38 | —24| — 9 
Ee ies —38 | — 9 | —15 | — 7 | +20] —26 | —30 | —28 | —17 | —16 
pes cihnsad + 6 | —29 | —18 | —14 |} —15 | —25 | +30 | —24| —14| — 9 
ee — 9 | —57 | +30 | — 3 | ~—1I0 | —42 | — 3 | —37 | —10| —23 
6 isn ands + 5 | —43 | +37 | —16| + 5 | —46 | —37 | —20| — 4] —25 
ae +30 | —40 | +46 |...... —1r | —49 | —34 ]...... +12 | —31 
is do's Kore —69 | —83 | + 5 |...... — 6 | —38 | —60 |...... —40 | —35 
| ERS +50 | —-17|}/ +4] —11|—14| —28 | —39 | —12| +9] —23 
Ey 6543 04% —15 | —34 | —32 | —45 | —32; —73 | —18 | —21 | —32 | —36 
OE Sk nang —49 | —-77 | —19 | —28 | —36 | —11 | +21 | +21 | —43 | — 1 
MRS itive 4 +47 | + 1| +51 | — 1 | —45 | —66 | —19 | —27 | +25 | —39 
Pay +15 | —11 | +18 | — 4| —49 | —57 | +11} — 3} +5] —25 
hs dscticns — § | +10 | +509 |...... —5I | —52 | —44|...... +21 | —49 
iisses +33 | — 6 | +24| — 9 | —73 | —60 | —89 | —38 | +11 | —65 
___ ae +25 | +09] —14|...... —1I5 | —54 | —34|...--- + 7| —34 
EE RO —14 | —35 | —10/] + 3 | —46 | —41 | —66 | — 2/| —14] —39 
Os ceceusn +7|+ 11] +44] —20/ —52 | —5r | —19 | —16| + 8| —35 
Re +21 | —20| — —9| —74| —60 | —46 | —21 |} — 4] —50 
ee tat es +15 | —57 | +76 | —28 | —77 | —1r | +41 | — 5 | + 2] 13 
EE RS +28 | —29 | +19 | — 7 | —58 | —38 | —23 | —31 | +3 | —38 
_ ARES +60 | —28 | +23 | —27 | —30 | —22 | —44 | —41 | +7 ]| —34 
iss space +58 | —4|+ 8] — 6] —48 |} —3r | —31 | —48 | +14 | —40 
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TABLE IlI—Concluded 















































Me | MB MEAN 
No. 

RI RI LI LIlI | RI RII LI Lil Ma Ma 
a ee + 1] —10/] +69 |...... —59 | —69 | —66 |...... +20 | —65 
Mocca eka se Ot bee Pere —46 | —29 |......]...... —1r | —38 
aS +15 | +24 | +24 | +10] —70 | —55 | —25 | —27 | +18 | —44 
Se eae —1r | —2r | —23 |] +11 | +12 | —28 | —39 | +10 | —11 | —11 
RS ein 0.49.4 +21 | —15 | +18 | — 3 | —42 | —46 | —13 | —12 | + 5] —28 
es wisn +38 | — 1 | +33 |...... —s9 | —72 | —14]...... +23 | —48 
re . ee 9 aCe Pee a a Ce ee + 3] —81 
ORS: +12 | +23 | + 5 |...... —35 | —18 | —33 |...... +13 | —29 
Tteciess i... 2 eee ee OT PM icks ecutids +34 | —36 
ee a +29 | +37 |+115 |...... | —17 | —57 | —I0 |...... +60 | —28 
|, See +37 | +33 | +13 | +13 | + 1 | —33 | —33 | —36 | +24 | —25 
MS isos +41) +9 | +24) — 3 | —28 | —68 | —71 | —38 | +18 | —51 
Pe +14 | +18 | +37 | — 3 | —21 | —41 | — 6] —35 | +17 | —26 
Os paditniess + 2] —19 | +34); —-5/1+5]| —61 | +24| —29 |} + 3 | —15 
a + 4 | +46 | +42] — 5 | —34] —75 | —14 | —24 | +22 | —37 
MR hk» +31 | + 5 | +20| + 6] —80 | —63 | —31 | + 4] +16 | —43 
eee | +81 | +28 | +56 ]...... + 2] +11 | +71 |...... +55 | +28 
ae | +26 | $56 |..-..0f-0-0s- —17 | + 3 |......|...... +25|-—7 
PS ae | —317 | +20 | +47 | +16 | —11 | +36 | — 7 | +18 | +17/ +0 
es 60d | +43 | +31 |......]...... | 33 OE Tins ctckate +37 | — 8 





advance, all pairs were provisionally given the same weight and 
combined to form mean motions for the 32 comparison stars and 
the 46 nebular points which were measured on all four pairs. 

The average deviation from these means for each pair of plates 
was as shown in Table IV (unit=o"%oo1). Since the mean deviations 











TABLE IV 
Pair RI RII LI | Lil 
Comparison stars......... 12 II II 13 
Nebular points........... 16 16 17 14 

















are sensibly the same for the different pairs, it seems permissible 
to use the same weights for all pairs, the quality very nearly counter- 
balancing the influence due to scale and time interval. The adopted 
mean yw, and ps are accordingly those given in the last two columns 
of Table III. There is of course quite a range in the agreement 
for the different points, but the mean probable error of a mean 
Me OF ps is Only 07008. 
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The results found may be due partly to a translation of the 
nebula as a whole, and partly to internal motions. To derive the 
motion of translation of the nebula three methods were employed. 

1. The mean of the proper motions yp, and ys for all the nebular 
points was found. 

This gives a= -+0%005, us=—0"%012. The Mount Wilson plates 
treated separately give: w.=+0"%002, us= —0"%016, while the Lick 
plates alone give u.= +0007, us= —0"008. 

2. Whatever the character of the internal motions of a nebula 
like Messier 101, we may expect them to be nearly symmetrical 
with respect to the center of the nebula. If, therefore, we divide 
the points into four groups corresponding to the four quadrants, 
the two pairs of opposite quadrants should give a good agreement. 
Using all the 87 points for this purpose, the results are as sum- 
marized in Diagram I, which gives for each quadrant the mean 
values of 4. and ys, and the number of points measured. 





DIAGRAM I 
I 1 II 
= od Ss 
+0002 —o"o1o Mean of I and ut} = bie 
+0%008 —0"%023 — 
31 18 
E Ww 
+0018 +0%or13 Mean of II and IV [Ha= baa 
” ” | Ps =—O0.012 
—o"oo1 —o"040 
16 22 
IV Ill 





3. As, however, the distribution of the points measured is far 
from uniform in the four quadrants, it seemed worth while also 
to derive analogous values for the central parts of the nebula, 
within a radius of 5'0, where the distribution of the points is more 
symmetrical. The results may be seen in Diagram II. 

The results of the three methods are given in Table V. The 
agreement throughout is as good as could be expected. For the 
final motion of translation the values uz=-+07005, us= —07013 



























PLATE VI 
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INTERNAL MOTIONS IN MESSIER IOI 
The lines indicate the direction and magnitude of the annual motions of the nebulous points as 
derived from the different pairs of plates. Their scale (o”1) is indicated on the illustration. The scale 
of the nebula is r mm=9"1 
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PLATE VII 
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The arrows indicate the direction and magnitude of the mean annual motions. Their scale (0”1) is 


indicated on the illustration. 
inclosed in circles. 


The scale of the nebula is 1 mm=10’5. 


The comparison stars are 
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have been used. No great weight, however, should be given to 
this motion of translation, as the hour angles and the parallax 
factors of the different plates may have vitiated the results. With 


DIAGRAM II 








N 
I II — 
—o"004 —o"009 Mean of I and III Geoniae 
+o"or15 —o"024 Seip hie 
14 9 
E W 
= ” 5 
+0%020 +0014 Mean of II and Iv{ts ils se 
—0"%003 —0"%037 4s = — 0.013 
14 II 
IV | III 


the material at hand, however, it is the best we can do. Sub- 
tracting the adopted yw. and yu; from the total motions in Table ITI, 
the results are what may be called the internal motions. They are 
given in the fourth and fifth columns of Table VI. 














TABLE V 
Method Ke wg 
EE EPO Pee +0%005 | —o’o12 
Ross wevees baderus +0.006 —0.014 
Sad pban kins cae +0.005 —0.012 





The accompanying illustrations show these motions, freed from 
the motion of translation of the whole nebula. The density of the 
center of the prints used for the engravings was reduced in order to 
show the motions more clearly. Plate VI indicates the motions 
given by each pair of plates; they show in general a good agreement, 
although there are several large discrepancies. Plate VII shows the 
mean annual proper motion for each of the 87 points, and also for 
the comparison stars, which are surrounded by circles. The scale 
for the annual motions is indicated on the plates. 

If the results as illustrated in Plate VII could be taken at their 
face value, they would certainly seem to indicate a motion of 
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rotation or possibly motion along the arms of the spiral. Without 
expressing a final opinion as to the character of the motion, which 
must be determined by future work, it may be of interest to exam- 
ine the evidence afforded by the existing material. 

To discuss the internal motions from the standpoint of rotation, 
they were analyzed into components along and perpendicular to 
the radius; the latter for convenience will be spoken of as the rota- 
tional component. The results are given in the last four columns 
of Table VI, In view of the uncertainty of the measures it seems 
well to treat the available material in two ways: first, by taking 
all points measured, and, secondly, by excluding those points which, 
because of internal disagreement of the measures on the four sets, 
seem to be uncertain in their final motion. As the probable error 
in wa. OF ws derived from a single pair of plates is a little over 0’013, 
I have thought it well to exclude in the latter case points 
whose deviation in uw. or ws for one or more of the pairs of plates 
is >o"%040. In this way the following 25 points were excluded: 
Nos. 6, 11, 12, 18, 20, 28, 29, 34, 35, 43, 44, 45, 49, 50, 51, 52, 53, 
64, 66, 67, 68, 77, 81, 83, and 84. This procedure seems the 
more reasonable as 18 of these 25 points are involved asymmet- 
rically in the nebulosity; the measures in such cases must be 
very uncertain if the plates compared are not of exactly the same 
density. 

The results are as follows, numbers in parentheses relating to 
the restricted group: 78 (55) points have a left-handed motion,’ 
only 9 (7) moving right-handedly; 58 (44) points appear to be 
moving outward, while 28 (17) show motion inward. The rota- 
tional motion is the larger in the majority of cases, viz., for 63 (45) 
points. The mean rotational motion is 0022 (0"021) left-handed; 
the mean radial motion 0’007 (0”009) outward. 

The probable reality of the result is indicated by the satis- 
factory agreement of the pairs of plates as shown in Table VII, 
where the + sign indicates left-handed and outward motions, 
respectively. For this comparison only the 46 objects common to 
all plates were used. 


t The rotation directions refer to the illustrations. See Plate VII, noting the 
orientation. 
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TABLE VI 
CO-ORDINATES AND INTERNAL MOTIONS 
(Unit =0’%o001) 
Prad. *rot. 
No. = y Fa La) 

Out In L.H. R.H. 
Weones +0/7 | —0'3| +33 +19 O6: i aakaewer Se kere" 
aia; +0.9 —o.I —32 Se a ere 34 at, A 
BS hoe +1.3 —o.6 ° a Pere 13 eet REA 
Biiews +2.3 +0.6 +10 +43 Se Cea ee GS ON ee 
sae +2.8 +0.3 — 2 +30 Si Bvacices ee PERSE 
2.00 +3.2 t+o.1 +20 +63 OO:  S easeees app EPCRA 
a +3.4 0.0 |’ +17 +44 a eer ae G8 PUES. fcc 
Bases +3.5 0.0] —f! ey eS I oR SOROS 

+3.3 —0.4| +30 —14 ey Are rae Fee os II 
ee +3.0 —o.8| +9 +33 ° ° ES Urey 
| ae +2.6} —1.1| +5 i eee 5 Oe econ aks 
ee +3.4 —3.0 +14 + 6 , oe See Ee. et ie dew chs 
Wa. oi +4.8 —1.7 —- 7 dk Aer 15 a) 2 ee 
eae +5.2 —1.0| + 2 ey ee 2 "Ee 1S 
_ eee +5.9| +0.2] +15 +34 tee Perera: Be 2a oxswhs 
eee +5.7 +0.6 +27 +31 Bae _ ey eae 
Pikes +6.3 +1.5 +11 +17 Ra erp pada Bees Sareea 
a +7.1 +2.9 +51 +29 Bale ORE a See Os Bipeebege 
Miss +7.6| +2.9} —1 +13 Ge ae Pk) ee ae 
eee +7.9 +4.3 — 1 +12 OS Bicesaen SE Biccaa~ dee 
. Poaee +5.7 +6.7 - 8 +39 ae Sse Se 
Piva. +5.4 +6.7 — 6 +23 Re SER ee as eee ee 
ees +5.5 +6.9| +2 +9 _ a ern nS ote wine 
a. +5.4] +7.2| +8 +49 ae Here ansiags ae, ERE S 
eins +5.2 +7.1 — 3 +23 oh eae s a pee 
ae +4.6| +8.9] —33 oe atin task 20 ie Pees 
hae +4.4| +9.0 —17 +9 ae See ee 2 eae 

oe +3.5 | +10.9 | +11 — 2 Oo 4. «cs «5eubetaewes II 

Ws ss +3.1 | +6.2 — 7 ee ee Tee Ree ee 4 
| Sytaneere +3.0| +6.8| —32 ek wk EPR eS 20 ee ee 

ad's +4.2 +3.4 +15 + 7 WG: 2. deesinvtheoesada 4 
es +1.6| +4.6 —16 +25 as ES Gan Ee eee 
ee +2.5 +3.4 — 28 +22 S. Risset ene ag, See a 
enh bie +2.0 +3.2 —18 +31 Bape, Re ere RS ie dante 
a seins +2.2 +2.8 — 20 +21 Tae Perera Tag eee 
ee +2.8 | +2.0 —19 a ee 7 ae ee 
ae +2.5 +1.5 — 23 a, See 8 Oe bo pede 
a +2.5 +1.6 — 5 +25 aes BE ee ae ae ee 
ee +1.7 +1.8 —I9 +21 ae Re ea eee ee Rs 
pe —4.8 +8.2 —35 — 7 tet RMR» ee Seas aes 

Sor —4.9 +8.1 +15 ape oe SOO Se MS: ivinaess II 
Bi vate —5.9 +8.4 —42 —II SS -  Riskedars ie Fy Se 
GBs. 60% —6.9 +6.5 + 7 a ek 19 2 Pe Sere es 
O6e Si —2.9 +5.4 —7 a Se 10 OA tt. cdewas 

P| Sa —2.7| +5.3| +12 a ee i> 9. dimaaes 13 
ae —0.3 | +3.0| —29 +4 2 aan eg Se ae aR 
+0.7 +2.6 —22 eek th EPO Or 9 ee Pe BE 
SP ais.i —0.2 +2.5 —I19 + 4 Soak ries WP ia faues 
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TABLE VI—Continued 
Prad. | Frot 
No x y Ma ug 
Out | In LH. | RH 
Ae —o/9 | +25 —I15 NE Tao x dio 9- 5 ae. acess 
S055 35; —1.9 +2.5 — 9 a ae 4 i: Bbskaods 
Ve —2.8 +2.4 + 7 a oe 17 a Cee a 
eee —2.9 | +3.6 —54 —22 via eee 56 Pp eieke's 
gia —2.6 +1.6} +4 a ee 9 6 phaieuns 
. ee —5.2 +0.9 —37 — 23 a Oe Sy ee 
See —6.2| +0.4|] —48 +12 eS Cae peters 8 
ae —6.7 —1.3 +20 a oe ene 15 a 
Oe eee —7.5§ +0.9 ° he rae 2 a Hie aes 
Sii.<=< —8.0/ —2.2| +16 a reer 6 39 fever reese ; 
as oe px —6.9 —3.3 + 6 —52 5 Ee RE Ee 
OO 5 x —6.8 —3.6 + 2 —21 a ee 19 Higa , 
“FREES —6.4| —4.0] —I19 — 26 a Se ~ “Se Slain 
ee —6.2| —4.7| +3 —22 ee eee a Se ote 
Po —1.3| t+0.5| —9 ae ee 5 et aoe 
| ee —%.7 +0.3 — 3 ° Ay Dee a ° 
ES —4.1| -—o.1| — 2 —25 a ee ee Wiss ves ' 
_ eee —3.4 —0O.1 + 2 a enna I eg ee 
_ pores —3.0 —0.7 +9 << - eee 3 28 | eee 
Wkas —3.5 —1.3 +15 —52 ES a eee a Are 
Gis. —3.4 —1.6 —15 —25 Te eter 16 Peds a sias 
Oi sass 3.5 —3.0 +13 —31 iy ee Md Tiveaskte 
eee —2.7 —4.5 —16 + 2 De ee deieite abe ek ss yey 
Soe —2.3 —4.3 ° —I5 Ne faa ee eee 
eT epee —2.8| —5.5| +18 —35 Ve ee ee Ae 
OMe vio —2.0 —6.0 — 2 — 68 ere 19 | hug tate 
Os vk ag —o.1 —6.2 + 8 —16 2 aes SS ee 
Tian ss —0.9 —5.2 +29 — 23 a ae RR 2 Rs+ tit 
OS ae > —0.2 —4.6 +55 —I15 | J Saree ES, Sapeagre ce 
Pics si +0.5 —4.1 +19 —12 TS ae - ee ' 
viens 0.0} —3.9| +13 —38 23 are |S Pa Pee 
ES +0.3| —3.3| +12 —13 ey Qe Rae “i Rae A 
ie wines —0.9 —I.5 — 2 — 2 OS Res! Oy ae I 
ae —1.2 —1.5§ +17 —24 a ae "Sha Se ee 
vas 6% —1.3 —1.7 +11 — 30 ate AE eee | ee Coo ) 
ee +1.4 —3.1 +50 a. eres 17 OS Bacvsses 
si se +2.6 —3.9 +20 + 6 age. ee eee Se eee 
acts +2.2 —4.0| +12 2 eee 13 a See 
Ree +1.8 —3.8 +32 +12 Ro sioadieav«< a Sarees 
TABLE VII 
| Prot. Mrad. | 
Te dks wie e044 | +o0’o21 +07004 
PEs sine kes nabs +0.032 +0.012 
Ne cee atia tee ta | +0.017 +0.006 
BEG Ws wbeees o bap | +0.012 +0.007 
} 
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Of the comparison stars, 13 have left-handed and 19 right- 
handed motion; 15 move outward and 15 inward; the mean 
rotational motion, as well as the mean radial motion, is 07000; a 
glance at Plate. VII shows that very few of the stars can share in 
the motions of the nebula. 

The measures indicate a small and hardly trustworthy decrease 
of rotational motion with increasing distance from the center, as 
shown by Table VIII. 











TABLE VIII 
Distance Mean Distance | a Number of Points 
ee bi oy 2!2 07024 (07026) 19 (14) 
659 GP Rae.... 3.9 | 0.028 (0.024) 29 (16) 
PH tS ee 5-9 0.014 (0.015) 18 (15) 
ee 8.9 | ©.019 (0.021) 21 (17) 











The change in the rotational component with increasing dis- 
tance from the center is of interest in connection with the assump- 
tion that the nebular points are moving about the nucleus in 
elliptical orbits. For different points the observed orbital motion 
should then be inversely proportional to the square root of the mean 
distance from the center of the nebula. It does not seem safe to — 
attempt final conclusions on the basis of the material now available. 

The annual rotational component of 0%022 at the mean dis- 
tance from the center of 5’ corresponds to a rotation period of about 
85,000 years. If we knew the parallax of the nebula, and if we 
could assume that the motions and the distances of the points from 
the center are mean values for elliptical orbits, the central mass 
could be calculated. The parallax is unknown and the assumption 
concerning distances and motions is probably far from the truth. 
Nevertheless, such an assumption, combined with more or less 
probable values for the parallax, may give a notion as to whether 
we are dealing with masses of the order of those of the stars or with 
much greater aggregations of material. It goes without saying that 
the universality of the Gaussian gravitation constant must also be 
assumed. 
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The relation between the parallax and a central mass which 
would cause. a particle to move in an elliptical orbit at a mean 
distance of 5’ with a period of 85,000 years can be derived from 
Kepler’s third law; it is M=0.0037 7-3. We thus find the corre- 


— 














sponding values of parallax and mass given in Table IX. | 
, TABLE IX 
Rotational 
M Mean Distance 1 
2 (Sun=1) | (Astron. Units)| Compt 
70001. . . . | 3,700,000,000 3,000,000 1,038 H 
©.0004.... 57,812,500 750,000 260 
©.0016.... 903,320 187,500 65 
©.0064.... 14,114 46,875 16 
0.0256.... 220 11,719 4 
©.1024.... 3-4 2,930 I 














The order of the parallax of Messier 101 is suggested by the ' 
following considerations: Curtis gives 07033 as the average annual N 
motion of 66 large spiral nebulae.t Could we assume that these | 
objects are comparable with the stars in the matter of proper 
motion and distance, we should have, supposing them to be of the 
twelfth magnitude, o’005 for their mean parallax. Again, we may 
compare the cross-motion of 07033 with the observed radial veloci- f 

, ties. Only a few of the latter have been determined as yet, but | 
those found indicate high speeds. Assuming them to be dis- 
tributed at random in space, Curtis finds the distance to be of the 
order of 10,000 light-years,” corresponding to a parallax of 0"0003. 
Various objections to the acceptance of these results, even as rough 
guesses, immediately suggest themselves, but they are the best we 
have. At the moment, therefore, this method of discussion sug- 
gests large values for the masses involved. 

An inspection of Plate VII conveys the impression that the 
general drift of the motion is outward along the branches. The 
direction of the branches in the vicinity of 52 of the points can be 
specified with fair accuracy, and a comparison with the observed 
motions shows a mean divergence for the latter of 7°+ 4° toward 
the concave side of the spiral. 


2S 





t Publications of the Astronomical Society of the Pacific, 27, 217, 1915. 
4 Ibid., 218, 1915. 
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It would be of interest to consider the further development of 
a nebular mass in which, as apparently is the case with Messier 
1o1, the direction of motion is so closely coincident with the 
branches of the spirals, and to examine the evidence afforded by 
other nebulae as to the probability of the continued existence of 
such motion. For example, continued outward motion should 
result in forms in which the distribution of the nebular material 
is widely different from. that in Messier 101. Interesting cases 
such as Messier 77, Messier 81, Messier 101, Messier 100, and 
possibly N.G.C. 7293 immediately suggest themselves in this con- 
nection; in these we see a gradual transition from a nebula with 
the bulk of the material strongly concentrated in the center, while 
the spirals contain relatively little material, to the other extreme, 
where the spirals, containing most of the material, seem to be 
connected hardly at all with the central body. 

All such questions as those touched on above, which naturally 
are highly speculative, are here considered because of the part 
played by elliptical motion in the Chamberlin-Moulton hypothesis 
as to the origin of spiral nebulae. The explanation which they 
have given, at least for the typical case, requires that the motion 
of a particle belonging to one of the branches should be iriclined 
at a considerable angle toward the convex side of that branch. The 
departure of Messier 101 from the typical case imagined by Cham- 
berlin and Moulton is sufficient to excite comment. Professor 
Chamberlin, however, kindly allows me to quote parts of his manu- 
script of a book, The Origin of the Earth, bearing on this question. 
He states: 


. . . . that the paths pursued by the projectiles are not identical with the 
spiral chain of projectiles into which they are forced to arrange themselves. 
The divergence between the paths and the chain of nebulous matter may vary 
widely. A much closer approach to coincidence between the paths of the 
projectiles and the chain of projectiles is assignable in certain cases of closer 
approach and more violent projection. 


And also: 


. . . . the relative amount of this forward or tangential pull is a critical 
factor; its value is obviously dependent on the relative distance to which 
the bolt was projected. 
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The results can therefore perhaps be reconciled with the 
Chamberlin-Moulton hypothesis, by assigning sufficiently high 
values to the ‘“‘disruptive”’ forces as compared with the central 
attractions; but all such questions can well await the accumulation 
of further observational data. In the meantime my measures of 
two photographs of Messier 81 (made by Mr. Ritchey in 1910 and 
1916) give preliminary evidence of internal motion similar to that 
revealed in the case of Messier 101. 

For the precision of such results the time factor is of course the 
most important, but when the photographs are to be used for the 
study of internal motions, various precautions will also contribute 
in no small degree: 

1. Several photographs of each object should be taken; 4 or 5 
old plates compared with 4 or 5 new ones should enable us to derive 
the motions satisfactorily. 

2. Care should be taken that both hour angles and parallax- 
factors are similarly distributed in both the old and the new series 
of plates. A neglect of this precaution undoubtedly will introduce 
errors difficult or impossible of elimination; some of the discrep- 
ancies in the measures on Messier tor are probably due to this 
cause. 

3. As it is impossible to measure points near the center, if the 
exposures are long enough to show the fainter parts of a nebula, 
two sets of plates of the same object are desirable, one with long, 
the other with short, exposures. 

4. The plates should be taken with a telescope of the greatest 
possible focal length, in order to increase the scale. 

5. It is advisable to insert a star-trail on at least one plate for 
purposes of orientation. This of course is not necessary in deriv- 
ing possible internal motions, but for the motion of translation 
it will afford more accuracy. 

6. For a determination of the parallaxes of spiral nebulae, 
the distribution of the plates, if feasible, should be as outlined 
in my paper on stellar parallaxes.. The short exposures used 
for the proper motions might be utilized in part for this 
work. 

* Mt. Wilson Contr., No. 111. 
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7. On account of asymmetry in the nebulous points, the plates 
should be measured in a purely differential manner, so that the 
settings for any point can be made on both plates in quick succes- 
sion. The chance of choosing different parts of the image for the 
settings on the two plates is thereby greatly decreased. The 
stereocomparator is an admirable apparatus for such measures, but 
if not available, two miscroscopes may be used on an ordinary 
measuring machine, adjusted in such a way that they point to the 
same part of the field on the two plates, which are mounted side 
by side on the plate-carriage. 

To test the possibility that the results found might be a conse- 
quence of systematic personal or instrumental errors, it was impor- 
tant that the plates should be measured with another machine 
and, if possible, by another measurer. I am glad to acknowledge 
the great service rendered by Mr. Seth B. Nicholson, who willingly 
spent a large amount of time in remeasuring parts of the Mount 
Wilson plates with two different machines. We first mounted a 
second microscope alongside the first, on one of our regular 
instruments used for measuring spectra. The two plates were 
mounted on the plate-carriage moved by the micrometer screw 
in such a way that the microscopes were directed toward rearly 
identical points on the two plates. In this way we were able 
to bisect corresponding points one after the other. As the instru- 
ment allowed only a part of a plate to be measured without 
readjustment on the carriage, 8 or g points were selected on 
each side of the center of the nebula, and their relative shift in 
declination was derived with respect to a dozen comparison stars. 
Mr. Nicholson found an annual difference of motion in declination 
of 07083 (the east side of the nebula moving northward as compared 
with the west side), while my measures with the stereocomparator 
had given for the same points a relative shift in the same direction 
of 0%063. The agreement is satisfactory. 

After having thus proved that the motion found was not due to 
any defect of the stereocomparator, Mr. Nicholson kindly undertook 
with this instrument a set of measures of 53 points of the nebula, 
using all the 32 comparison stars for reference. The plates were 
measured in all four positions and reduced in exactly the same way 
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as the original measures. Of the 53 points measured, 11 are points 
mentioned as difficult on p. 220.° The results for all 53 points, and 
also for the 42 remaining after excluding these 11 difficult points, 
are summarized in Table X. 














TABLE X 
AGREEMENT OF SIGN WITH 
Van MAANEN 
ANNvAL Mortions 53 Potnts 42 Points 

53 Points 42 Points 
Ha of translation........... +07003 +0%002 72% 76% 
ws of translation........... —0.013 —0o.o11 75 83 
GO aS —0.003 —0.002 68 69 
ORES SE ee +0.009 +0.010 75 76 

















The agreement of the motion of translation with that given on 
p. 218 is very satisfactory. Although Mr. Nicholson’s value of the 
rotational component is smaller than that found above, a com- 
parison with the data on p. 222 shows that the difference is within 
the uncertainty of the determination. 

I wish to express my thanks to Mr. Hale and Mr. Seares for 
many suggestions they have made during the work on the plates 
discussed here, and to Miss Helen Davis for much assistance in 
the computations. 


Mowunt WItson SoLtar OBSERVATORY 
March 19, 1916 














ON THE RELATION BETWEEN LINES OF THE 
SAME SPECTRAL SERIES 


By W. M. HICKS 


The very accurate determination of the wave-lengths of the 
first 57 members of the principal series of sodium published by 
Messrs. Wood and Fortrat in a recent number of this Journal 
(43, 73, 1916) affords data which help to throw some light on the 
question as to the nature of the formulae giving series lines, or as 
to whether in fact such formulae actually exist. For the measures 
a degree of accuracy involving errors not exceeding a few thou- 
sandths of an angstrom is claimed, even up to within the last few 
members—a claim which is probably well justified. Tiere can be 
no doubt but that the frequencies of any of the recognized series 


can be approximately given by a formula of the type n= A Te 
and I have shown that, with the exception of a few cases only, the 
form {(m)=m+ wt 5 suggested by Mogendorff' and myself? as 


a modification of Rydberg’s, gives the frequencies to within a few 
hundredths, except in many cases for m=1, and that it is in fact 
better than the Ritz formula used by Wood and Fortrat. In 
general the constants are determined from the lines for m= 2, 3, 4, 
for which of course the calculated and observed values agree, but 
even so their values will be subject to uncertainty, due to the 
observational errors of the three lines. When we come to lines 
beyond m=4, the observational errors are usually so considerable 
that no conclusion is possible beyond the fact that any given 
formula can or cannot represent the observations approximately. 
The limit A of the series is determined with considerable accuracy, 
in nearly ali cases from the lines for m=2, 3, 4. This in itself is a 
remarkable result. The actual calculated value of A, however, 
not only suffers from the errors of observation of the three lines, 


* Proc. Roy. Acad. Amsterdam, 9, 434, 1906. 2 Phil. Trans., A, 210, 57, 1900. 
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but also depends to some extent on the form of f(m) employed. 
For instance, the value of the wave-numbers may differ by a few 
units—or say 1 in 10,000—according as the formula a/m, or Ritz’s 
8/m? is used. It might be thought that in the case where many 
members of a series are known the value might be best obtainable 
by considering those of the highest order. But this is not the case, 
because not only are the higher orders faint and subject to large 
observational errors in wave-length, but being in general in the 
ultra-violet, these errors are multiplied by large factors in the 
wave-numbers. For instance, in the case of Na, the limit is close 
to 2400 A.U., or a wave-number about 41450. Anerror of 0.1 A.U. 
is multiplied by 17.2, whilst errors in \ considerably larger than o. 1 
may be expected. The great importance of Wood and Fortrat’s 
measurements is that even up to m= 54 the observations are prob- 
ably correct to within a few thousandths of an A.U. Therefore we 
may use the last half-dozen preceding this to calculate asymptoti- 
cally the value of A, and thus obtain the true numerical value 
of f(m) for any line, independent of any supposition as to its 
general form, and only affected with the single observational error 
of the line itself. For the lines of high order an ordinary Rydberg 
formula is accurate to the degree of approximation attainable. 

In the numerical work which follows I have used Wood and 
Fortrat’s wave-lengths given in international units and reduced 
them to vacuo by means of the table given by Kayser in his Hand- 
buch, 2, 514, the numbers in the tables being increased by ;'5 to 
render them applicable to wave-lengths in air at 15° C. instead of 
20°C. For Rydberg’s constant I have used N=109679.2, the 
value on the international scale deduced from the careful measures 
by W. E. Curtis' of the spectrum of H. For the determination of 
the limit the formula /(m)=m+1.148 is sufficient. Using this 
and any value of the limit obtained in the ordinary way, the more 
accurate value 41449.00 was found. The frequencies calculated 


N 
from 41449.00+&— (m1. 148)" for m=49...... 54-exceed the 


observed by respectively —0.01, + .00, —.03, —.03, +.01, +.00, 


* Proc. Roy. Soc., A, 90, 605, 1914. This agrees very closely with Rydberg’s 
value on the Rowland scale, reduced to the international, viz., 109678.6. 
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or an average of§&—o.o01. An error of 0.01 may arise as much from 
residual errors of calculation in the last significant figures as from 
any other cause and will make no change in \ up to o.oo1 A.U. and 
only a few units in the sixth decimal place of f(1). The formulae 
for P, and P., using this limit and the first and third lines (the 
second is affected with a possible observational error of \=0.030), 
are then 








N 
N= 41449.00— -" 
P; { m+ Ss 148088257215 | 
m 
n= 41449.00 . : 
P, ts a 6 \2 
{ mtr. 147256—"282229} 


The values of dA\=calculated—observed wave-lengths are given 
under H in the table on p. 232. The corresponding values deduced 
from Wood and Fortrat’s paper are given under W. F. The wave- 
numbers used are given in the second column. 

The deviations shown by the three last lines from their calcu- 
lated values are so large that they can scarcely belong to the 
typical P series. The lines from m= 44 to 54 agree exactly with 
their calculated values. Of the three in question the first and third 
agree with Ritz combinations, s(1)—d(55) and s(1)—d(56), where 
s, d denote respectively the sharp and diffuse sequences, s(1) being 
the limit P(«). Their corresponding differences from the observed 
lines are respectively —o.oo1 and +.002. It is not clear what 
relation the second has to known sequences. It differs from the 
calculated combination s(1)—s(55) by —o.o13, so that this alloca- 
tion seems doubtful. They suggest that in the ionised vapor the 
molecular or atomic configurations. which would give diffuse or 
sharp series up to m= 54 do not exist, but have all transformed to 
p configurations. Above m=54, however, they have in this case 
not been so further transformed, and the corresponding p configura- 
tions are in consequence absent; above m= 56 not even these are 
formed and no further systems capable of absorbing light of #, 
s, or d frequencies exist. It would be interesting to know whether 
a different treatment as to heat or the presence of other ionising 
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sources in the vapor would modify the last few lines observable 
in all cases, whatever the number of lines showing. 











m n H. W.F. m n H. WF. 
s 16956.16 ©.000 | 0.014 || 26..... 41300.92 ©.043 | 0.042 
Aged igh 16973 .34 .000 .000 || 27.....] 41311I.13 .033 .032 
‘ 30267. 38 .172 .141 Wins 41320.39 .028 .027 
a ae 30272.87 .157 .306 |} 29.....] 41328.71 .022 .O21 
35040.18 .000 | —.076 || 30..... 41336. 20 .O15 .O12 
aes 35042.66 .000 OR 1-88... 41342.90 .002 | —.0or 
4 37296. 23 — .035 wee tr O68... 41349.18 .000 | — .004 
eth 37207.73 = .031 | — .027 ‘|| 33..... 41354.87 — .004 | —.007 
38540.10 —.040 | —.005 |] 34..... 41360.07 —.009 | —.012 
ide 38541.58 .002 | —.018 || 35..... 41364.85 —.012 | —.o1§ 
6 392098 .47 = .022 | —.002 |] 36..... 41369. 31 —.012 | —.014 
reer 39299. 26 —.002 | —.084 |] 37.....| 41373-53 —.012 | —.O10 
©. ime {39793.66 —.075 | —.o10 |] 38..... 41377.39 —.002 | —.005 
39794.96 —.014 | —.061 |] 39..... 41380.95 .000 | —.002 
Miéwds 40136.75 — .034 | —.022 || 40..... 41384.15 .004 | —.006 
vats 40383.17 — .005 ee 48:5... 41387.18 — .005 .006 
iss: 40565.65 —.020 | —.OF§ || 42..... 41390.05 —.002 | —.002 
SEs s 6 40705 .74 .OIL O68 T 48...:. 41392.78 .003 .002 
Sis ss 40814.13 —.010 | —.008 || 44..... 41395. 21 .OO1 .000 
ES 40900 .92 .002 .004 |] 45..... 41397.50 . 000 .000 
te. . 40970. 46 = .025 | -.022 }] 460..... 41399 .66 .000 | —.002 
Se Se 41027.95 —.019 | —.026 || 47..... 41401 .69 . 000 . 000 
eee 41075.21 —.042 | —.046 || 48..... 41403 .57 .0O1 | —.003 
eS 4115.50 —.019 | —.021 |] 49..... 41405. 40 . 000 .000 
Bets 41149.53 —.016 | —.018 |] 5o..... 41407 .08 . 000 . 000 
Ae 41178.72 — .003 | —.005 |] 5I..... 41408 .70 .002 .002 
ee 41203 .97 .O15 O88 1 S2..... 41410. 20 .002 .003 
Soe 41225.71 .O19 . » ft 41411. 58 .000 | —.OOo1 
Hees 41244.42 .008 GG TSA... . 41412.94 .000 .000 
Ge ike 41261.13 .O13 006 1 S8i4..- 41413.99 —.013 | —.014 
_ | RAE 41275.75 .O12 014 |] 56..°... 41414. 63 — .046 | —.047 
ee 41288.77 .O12 .009 |] 57..... 41415. 24 —.079 | —.079 





























As to the other lines, the table shows clearly that if the observa- 











tional errors do not amount to more than a few thousandths of an 
angstrom, neither formula is sufficient to the degree of accuracy 
here in question, although that in a/m gives slightly better results 
than that in 8/m?. To produce differences of the magnitude shown, 
for instance, between m= 14 and 36, the values of the denominators 
f{(m) must differ very largely from those given by the formulae, and 
the formulae give the results so closely as they do because m is so 
large and only the first few digits in f(m) are required. Messrs. 
Wood and Fortrat point out that the deviations appear to show 
signs of periodicity. This can best be exhibited graphically. In 
the accompanying diagram the abscissae are values of m and the 
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ordinates of dk. Two phenomena are clear at a glance. If regard 
be had to the fact that there will be some disturbance in the curve 
for low values of m, because the deviations for m=1 and 3 are 
forced to be zero, there would appear to be a mean set of deviations, 
going through a period of about 16 in m. Superposed on these is 
another variation alternately positive and negative which is almost 
certainly real. Such cannot be represented by any simple algebraic 
function, although the latter effect might be represented by a term 
a(—)"in f(m). It would seem that if f(m) is a function of m alone, 
circular or transcendental functions are required. 








Values of dX 


vv ph gas 
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Values of m 


But it is possible that f(m) may not be a function of m. If the 
various frequencies in a series all arise as different modes of vibration 
of the same configuration, we should expect such a function to exist. 
If, however, each line comes from a special rearrangement of the 
components of an atom, this might no longer happen. For instance, 
with the same m (say m electrons absent) a number of rearrange- 
ments might exist, each capable of giving different spectral lines. 
That something of this nature may be a reality is indicated by 
the existence of what I have called lateral displacement.‘ These 
depend on multiples of the oun.? It would seem that the atom 
could not adjust itself to the exact conditions given by a function 
f(m), but as if it could only get as near as possible by a number of 
discrete changes. Just as the shape of a brick wall can be adjusted 


* “A Critical Study of Spectral Lines,” Part III, Phil. Trans., A, 213, 336, 1913. 

The word “oun” is used by the author to designate 90.47 w*, where w= 
atomic weight 

100 ; 


Eps. 
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to a curve y=/(m) only roughly by abrupt steppings of the indi- 
vidual bricks, or a multiple of bricks. Here the bricks are the ouns. 
In any case it is clear that in a diffuse series of strong lines and 
satellites, the two sets cannot both be determined by functional 
forms of f(m). In a large number of elements, the corresponding 
denominators /(m) of the two sets (strong and satellite) differ by 
one number of ouns for m=1, and by a number different from this 
but the same for other values of m.t* Moreover, it is possible in 
diffuse series in all cases to express the denominators so that the 
differences of their successive decimal parts differ by an integral 
number of ouns. It is interesting to see whether a similar rule is 
applicable to the principal series of Na. In sodium the oun is 
given by 44,=5=19.17. A, which gives the doublet separation, 
is 743=1556:. The quantities are so small that their values can 
only be determined to three significant figures, and therefore it is 
not possible to draw any convincing conclusions. If, however, the 
fourth significant figure in A is 7, so that A= 743.7, 5=19.109, the 
observed differences do appear to come very close to such multiples. 


.Taking the observational errors in \ to be in the third decimal 


place (p probably <2), these denominators are given in the fol- 
lowing list from m=1 to 7. The numbers in parentheses denote 
maximum possible errors, the third column gives their differences, 
whilst the oun multiples are given on the right. 


- ‘ pe sod 15810 214+ 108= 15809 .6 
3- 4-137683(3 .8p) sited 64+ 288= 4999.5 
4. §.140000(7 .6p) 2317 34+ 58= 2327.0 
5. 6.141977(16p) 7977 nip —* 
6. 7.142810(2s5p) 833 ot “a 839.6 
7. 8.143087(30) ~~ ssi easdea 


The differences 2317, 1977 differ by 10 or 26,, in opposite direc- 
tions from the multiples given. It may be due to an error of 
0.0013 A.U. in the observation for m=4. This discussion would 
have been wholly fanciful were it not for the very accurate measure- 
ments of wave-length. But, as is seen, even now, the possible 
observational errors themselves are comparable with 6, even for 


* Phil. Trans., A, 210, 72, 1910; 213, 347, 1913; ¢.g., in Cd. 
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m=3, so that no certain conclusion is possible. The cases of 
K, Rb, Cs are, however, different, the values of 6 for these being 
respectively 55.45, 263.77, 638.22. One main object of the 
present note is to draw attention to the particular importance of 
using the same instrument in Weiss’ laboratory to extend observa- 
tions to these elements. Bevan has shown that Wood’s method is 
applicable to all the alkalies as well as to Na. 

Even with Na, however, it is possible to draw an important 
conclusion with certainty. It refers to a curious irregularity in 
the differences of the denominators for corresponding lines in the 
P, and P, series. As these depend on close lines any observational 
errors are probably of about the same amount and produce little 
effect on their differences. I have shown’ that whilst in many 
elements these differences for m52 may be the same and con- 
siderably less than for m=1, in the alkalies the values for m5 2 
are larger. The present measures enable us to test this question 
for six intervals with very considerable exactitude. The result is 
as follows (taking as above A= 743.7). 


I. 743 A= 1558; 

2. 769 A+ 58:= 408= 767.7 
3. 802 A+38 = 801 .3 
4. 928 A+ 388,= 926.1 
5. 1563 24+48= 1564.1 
6. 1313 2A—o5= 1314.6 


The agreement is close, especially when it is remembered that 
errors of 1 or 2 units in the last place may be introduced as residuary 
errors due to calculations with seven-place logarithms of numbers 
of 7 significant figures. Again, however, on account of the small- 
ness of 5, we can feel no absolute certainty as to the multiples of 
the oun. But the changes, the large change for m=5 and return 
to a smaller for m=6, must certainly be real, unless the list contains 
misprints. Both series can scarcely be represented by any simple 
algebraic function of m. 


THE UNIVERSITY 
SHEFFIELD, ENGLAND 


* Phil. Trans., A, 212, 33,. 1912. 














AN EXPERIMENTAL STUDY OF A THEORY OF THE 
COMPLEX ZEEMAN EFFECT 


By A. E. BECKER 


INTRODUCTION 


Various attempts have been made to account for the complex 
Zeeman effect. Preston’s' suggestion that it may be due to com- 
plexity in the parent line has since been restated by Drude? and 
Bohr. Wali-Mohammed‘ also suggests that the thallium line 
X 5351 is really double, as it gives six Zeeman components which 
can be symmetrically arranged in two triplets. Apparently he 
does not extend the idea to other complex types. On the other 
hand, Paschen’ has shown that narrow series doublets (or triplets), 
whose components give complicated magnetic effects for low fields, 
may combine into a single normal Zeeman triplet at high fields. 
The writer, however, has been led by his investigations on series 
spectra to an explanation identical with the suggestion of Preston. 
Even in the face of Paschen’s work it seems worth while to present 
the results obtained by such a study of the complex Zeeman effect. 

The fundamental hypothesis is that the complex Zeeman effect 
is due to complexity in the structure of the parent line, which is 
supposed to consist of a number of components of equal or nearly 
equal frequency. Each of these gives rise to a Zeeman triplet 
of normal or nearly normal type. It is assumed that the number of 
components in the parent line equals the number of p-components 
(i.e., Zeeman components polarized in a plane perpendicular to 
the lines of force). Each of the latter is accompanied by two 
s-components (i.e., Zeeman components circularly polarized about 
the lines of force), exactly as in the simple effect. Such a triplet 
will be called a reduced triplet. It is not maintained that the 
p-components are necessarily at the positions of the parent-line 

* Dublin Society Transactions, 6, 385, 1898; Philosophical Magazine, 45, 331 
1898; Nature, 59, 224, 1899. 

2 Theory of Optics, p. 447. 4 Annalen der Physik, 39, 248, 1912. 

3 Philosophical Magazine, 27, 518, 1914. 5 Ibid., 39, 897, 1912. 
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components, for in that case change of field-strength would not 
affect their positions, which is contrary to experimental fact. The 
inference is that the number of p-components is the same as the 
number of components in the parent line, and vice versa. Thus 
the application of the hypothesis leads to an investigation of the 
two propositions: 

1. In any complex Zeeman effect the number of s-components 
is always twice the number of p-components. 

2. These Zeeman components may be arranged in symmetrical 
reduced triplets, one for each p-component, of normal or nearly 
normal interval.* 


APPLICATION OF THE HYPOTHESIS 


Let us first study the established complex types as illustrated 
by Voigt,? a reproduction being given in Fig. 1. The continuous 
vertical line in the middle of this diagram indicates the positions 
of the parent lines. Two parallel lines are drawn at a normal 
distance, a, one on either side of the central one. The letters p 
and s denote the p- and s-components respectively. A’, A, A”; 
B’, B, B”, etc., indicate respectively the components of the reduced 
triplets. In any given type these triplets are all of the same inter- 
val. This is given in terms of a at the right of the types in Fig. 1. 

It is now evident that type I reduces to three triplets, as it has 
three p-components, A, B, and C, together with the necessary 
six s-components, A’, A”; B’, B”; and C’, C”, all properly placed. 
Type III is a triplet. It is obvious that type IV reduces to three 
triplets; type V, to three; type VIII, to two; type IX, to three; 
type X, to three; and type XII, to five. 

In type VI one encounters difficulties. But Runge and 
Paschen, who established these various types, seem to have been 
uncertain of the number of components in this one. It must 
therefore be regarded as an exception needing further experimental 
investigation. 

Since type II has two p- and four s-components, it satisfies 
proposition 1. But the reduced triplets are unsymmetrical, the 

*In this connection the reader will find the article by Ritz (Annalen der Physik, 
25, 676, 1908) of importance. 

* Magneto- und Electro-optik, p. 87. 3 Astrophysical Journal, 15, 235, 1902. 
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interior s-components, A” and B’, and the exterior ones, A’ and B”’, 
being respectively at intervals 2a and 34/2 from their p-components, 
A and B. Thus type II is an exception to proposition 2. But 
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it is significant that these unsymmetrical displacements are those 
of the reduced triplets of types III and I respectively; for, as Voigt* 
points out, any three parent lines which give rise to types I, IT, and 
III, respectively, are closely related from the standpoint of series 


* Loc. cit. 
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spectra. And Paschen" shows that series combination terms of the 
form (np,.—mS) give Zeeman triplets of interval 3a/2, which is 
also significant, since mp, is taken from the formula for lines giving 
type II. Similarly, type XI may be regarded as four unsym- 
metrical reduced triplets, the displacements being 7a/5 and 6a/s. 

Type VII satisfies neither proposition. But by assuming two 
s-components, as yet unobserved, at the position of the parent 
line, it reduces to two symmetrical triplets of interval 24/3, which 
is just half that of those in type VIII. Thus the assumption has 
merit, since series spectra again show that parent lines giving rise 
to types VII and VIII are very closely allied. One would thus 
expect each of these parent lines to be close doublets, which is the 
conclusion of Michelson? and others for the D, and D, lines. 

The assumption of the superposed s-components in type VII 
affords opportunity to appeal to experiment. Along the lines of 
force only the s-components are visible. By analogy with the 
simple effect, the primed s-components of the reduced triplets 
should be circularly polarized in one direction and the double- 
primed ones in the other. The interesting case is that in which 
a circularly right-handed polarized component falls on a circularly 
left-handed polarized component, as in type VII at the assumed 
central s-component. Such a double component should be 
unpolarized when viewed along the lines of force. 

We have thus found that of the twelve types of Fig. 1 eight 
satisfy both propositions 1 and 2; two others satisfy proposition 1; 
another requires further experimental investigation; and the 
remaining one points out the method for a beautiful experimental 
test of the truth of the two propositions. 

If the assumed s-component of type VII really exists, it is 
probably of weak intensity and thus rather unsuitable for examina- 
tion along the lines of force. However, a study of King’s? results 
for iron and titanium shows that several complex types afford 
opportunity for carrying out the experiment. A convenient type 


* Loc. cit. 
2 Philosophical Magazine, 34, 290, 1892. 


3 King, “‘The Influence of a Magnetic Field upon the Spark Spectra of Iron and 
Titanium,” Carnegie Institution of Washington, Publication No. 153, pp. 22-42. 
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is that illustrated in Fig. 2, where a represents the parent line; b, the 
p-components; c, the s-components at right angles to the lines of 
force; d, the s-components which one expects to be circularly 
polarized in one direction; and e, those in the other. That is, one 
expects the central s-component to be unpolarized along the 
field. 

This expectation is verified experimentally, as shown by the 
writer’s photographs, Plate VIII, Figs. 3 and 4. Another type which 
occurs several times in both spectra is that of Plate VIII, Fig. 5, 
which again has the central unpolarized s-component. It thus 


a 


b 





Fic. 2 


has four s- and two p-components, as called for by proposition r. 
Fig. 6, on the same plate, presents another type, which is seen to 
consist of twelve components instead of eleven, as it appears when 
viewed at right angles to the field. The same is true in Plate VIII, 
Fig. 7, except that the central s-components are not exactly super- 
posed. A further verification of proposition 1 is shown by Plate VIII, 
Figs. 8 and 9, in each of which there are two of these unpolarized 
s-components, thus giving eight s- and four p-components. Bec- 
querel and Deslandres' had already discovered the unpolarized 
s-component in Plate VIII, Figs. 3 and 5, but the writer was able 
to predict that there would be two of these unpolarized s-com- 
ponents in cases such as shown in Plate VIII, Figs.8 and 9. There 
are several other types, especially in titanium, which in the same 


* Comptes rendus, 127, 18, 1898. 
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way verify the hypothesis that there are twice as many s- as 
p-components in every complex Zeeman effect. 

To test the hypothesis in another way, the writer repeated the 
experiments of King.’ A field of 23,800 gausses was used, the 
investigation extending from \ 5050 to A 3230 for iron and titanium. 
Some of the complex types found do not agree with King’s results. 
In titanium the region common to both investigations is from \ 5050 
to 3659, for which King records 165 Zeeman triplets, 23 lines 
showing complex effects, 1 unaffected line, and 133 lines whose 
Zeeman effect was doubtful. For the same 322 lines the writer 
finds 157 Zeeman triplets, 45 lines showing complex effects, 1 
unaffected line, and 119 lines of a doubtful number of Zeeman 
components. Thus the writer finds a larger number of lines of 
complex Zeeman effect, in which the components are photographi- 
cally well-defined and sharp, than does King. 

Between \ 5050 and \ 3230, the writer finds in titanium 67 
lines showing complex Zeeman effects of unquestionable character. 
Of these lines 62 have twice as many s- as p-components and there- 
fore satisfy proposition 1. Of the remaining 5, 3 are apparently 
quartets, 1 an octuplet, and the other a quintuplet having but 
one ~-component. This latter may be regarded as two reduced 
triplets in which the p-components for some reason do not separate 
when the field is applied. There is also the line \ 4296 which is 
apparently unaffected by a magnetic field. Careful measurements 
show that of the 62 lines of complex Zeeman effect which satisfy 
proposition 1, 70 per cent can be reduced to symmetrical triplets 
and thus satisfy proposition 2. Similar results are obtained for 
the iron spectrum. 


APPARATUS 


To carry out the experimental work a large concave grating of 
21-foot focus, 20,000 lines per inch, and a 6-inch ruled surface was 
used. The form of mounting is that of Paschen at Tiibingen, the 
grating and slit being fixed. The spectrum can be examined from 
X 2000 in the first order to \ 7000 in the second; thus photographs 
may be taken simultaneously in both orders. The grating remains 

* Loc. cit. 
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in perfect adjustment for long periods of time, it now having been 
used for more than a year without readjustment. The temperature 
of the grating-room remains so constant that exposures of several 
hours are successfully made. 

The source of light was an electric spark. A condenser of 
variable capacity from 0.01 to 0.06 m.f. was used in the oscillatory 
circuit, the spark length being about half a centimeter. The use 
of self-induction was avoided. 

The earlier experiments were made with an electromagnet 
giving a field of 14,000 gausses with a gap of 8mm. A Weiss 
electromagnet is now in use which gives a field of 23,800 gausses 
for a gap of 12mm. This is especially convenient, since it can be 
rotated so that the spectrum may be examined along the lines of 
force or at right angles to them. 

At right angles to the field a nicol prism is used to separate the 
p- and s-components. Along the field a Fresnel rhomb and a 
nicol prism are used to separate the two kinds of circularly polar- 
ized components. All of these components, as well as comparison 
spectra, may be obtained on the same negative by means of a slit 
diaphragm placed on a separate holder immediately in front of the 
plate-holder. 


SUMMARY 


Some work on series spectra, which the writer hopes to publish 
soon, led him to suspect that certain spectral lines are in reality 
close doublets, and that therefore they may be expected to show a 
complex Zeeman effect consisting of two p- and four s-components. 
This is indeed found to be the case. Conversely, the writer con- 
ceived the idea, independently of other investigators, that complex 
Zeeman effects occur because spectral lines which give rise to more 
than three Zeeman components are themselves complex in struc- 
ture, and that the number of components in such a parent line is 
exactly equal to the number of p-components which it shows when 
placed in a magnetic field. 

Investigation has shown that, in the titanium spectrum between 
A 5050 and A 3230, 62 out of 67 lines of complex Zeeman effect 
have twice as many s- as p-components; and that at least 70 per 
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cent of these may be reduced to symmetrical Zeeman triplets, one 
for each p-component. In each complex type the reduced triplets 
are all of the same interval, which varies, however, from type to 
type in the same manner as for ordinary Zeeman triplets. Further 
study led to the prediction that in certain cases there are present 
one or more s-components which should appear unpolarized when 
viewed parallel to the field. This has been verified experimentally. 

Several important questions still remain to be solved. One 
is the reason for the unsymmetrical distribution of the intensities 
which frequently occurs in the components of the reduced triplets. 
Another is that of the separation of the p-components when the 
magnetic field is applied. A third is that of the abnormal Zeeman 
intervals. But the same fundamental cause which gives rise to 
ordinary abnormal Zeeman triplets is probably responsible for the 
abnormal intervals of the Zeeman triplets to which the complex 
types may be reduced. 

In conclusion, the writer wishes to recognize the valuable help 
of Professor Theodore Lyman, of Harvard University, under whose 
supervision this work has been done. His many suggestions, par- 
ticularly as to the best method of presenting the subject, have been 
invaluable. f 

JEFFERSON PuHysicaAL LABORATORY 


CAMBRIDGE Mass. 
October 1916 














THE NATURE OF THE CONSTANT-ERROR TERM K 
SECOND PAPER 
By C. D, PERRINE 


In my first paper on this subject’ the question was raised whether 
the term K, found in the solution for solar motion from radial 
velocities, was in fact constant. Some later evidence makes it 
desirable to consider this matter again. Unfortunately this is a 
question which cannot be answered directly by obtaining positive 
evidence as to whether there is or is not a pressure-effect in the 
atmospheres of any of the stars of a nature to cause displacements 
of the spectral lines, but must be attacked more or less indirectly, 
at least for the present. The solar motion, general systematic 
motion of the stars, and constant error are so linked together that 
it appears impossible completely to separate any one. It may be 
possible later to obtain a consistent apex for the solar motion from 
proper motions. The velocity of the system, which is really the 
important factor, would still be in doubt, however. 

It may be pointed out in further explanation that in the solu- 
tions of the radial velocities for apex and velocity of solar motion 
there is usually an excess which cannot be represented by the rigid 
spherical relations existing between the coefficients of the three 
unknowns in the equations of condition. From the nature of the 
observed velocities a perfect solution is scarcely to be expected. 
In the spectral classes B, K, and M these excesses are large and have 
the same algebraic sign. The introduction into the equations of a 
constant term for each star or similar one independent of the spheri- 
cal relations referred to will absorb the excess found. The evidence 
for such a constant-error term appears to rest wholly upon the 
excesses mentioned above in solutions for solar motion. 

In my first paper the results were derived by freeing the stars 
from the solar motion on the basis of common apex and velocity, 
in that case approximately those derived from the same system 


t Astrophysical Journal, 43, 286, 1916. 
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_ of stars. While this is probably justifiable in fact as evidence, in 


this particular instance it does not seem as logical or strong as to 
make separate solutions in each spectral class for apex and velocity 
of solar motion and K term simultaneously. The desirability 
of doing this was accentuated by the finding of differences in the 
position of the apex in the different spectral classes. Such results 
are, then, the best representation which can be obtained from the 
data, and the values of the constant-error term are directly com- 
parable with values derived in a similar way from all of the stars. 

The finding of systematic differences in the proper motion of the 
stars of Class B in the northern and southern sky, as well as of 
apparent peculiarities in the radial velocities in these two regions, 
led to a more careful investigation of these regions, in connection 
with the question of the constant error. 

In a paper’ giving the results of separate determinations from 
northern and southern stars and according to proper motions, the 
values of K were uniformly small when obtained from these two 
regions separately. This again is not entirely independent evi- 
dence. If, however, it can be shown that certain groups of stars 
or those in certain regions have produced the excesses giving rise 
to the K term, in general solutions from all parts of the sky, such 
evidence is independent and of great weight, as such values have 
resulted in exactly the same way as the original (large) values of K. 

It was found that there were large excesses of positive veloci- 
ties and of stars in the southern sky in the classes B, K, and M 
(those yielding considerable values for K), whereas there was prac- 
tical equality in the classes A, F, and G. 

Further investigation by correcting the different spectral classes 
by regions for a common solar motion of 19.5 km toward a=270°, 
5=-+30°, showed that there are large systematic velocities in regions 
of considerable size, that the same general preferences of these 
excesses are found in all of the spectral classes for the northern sky 
and generally for the southern sky also in the region from right 
ascension 18 to 4", but that in the southern sky from approxi- 
mately 4" to 18" there is a radical difference. In this region large 
negative velocities are all but universal in the types A, F, and G, 

t Astrophysical Journal, 44, 103, 1916. 
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whereas in the types B, K, and M, negative velocities are either 
almost entirely wanting or they are restricted to smaller regions. 
The residual velocities of these type areas are of considerable size 
and uniformity. The positive residuals appear to increase from the 
B stars to the K and M stars. They appear to lie in general on 
great circles, but not parallel to the Milky Way. These peculiar- 
ities will be dealt with in a separate paper. For our present pur- 
pose it seems only necessary to say that their size and the general 
correctness of the assumption as to elimination of solar motion 
make it seem unlikely that they are fictitious. This conclusion 
is further strengthened by the fact that the very high velocities 
of all spectral classes (which were not used in these solutions) 
show somewhat similar distributions. It was found that in these 
regions the large positive velocities usually fell above a fairly well- 
defined limit and could be approximately isolated by that means. 
The criterion was adopted, therefore, with the lower included 
limits as follows: 








B....+6km 
K....+ 11 
M....+ 15 


Only two or three exceptions to these limits occurred, and these 
were either accidental or, in one case, due to the fact that a region 
was somewhat isolated. The regions rejected are given in Table I. ' 
v is the residual velocity after correction for the solar motion 
toward a=270°, 5=+30°. The B stars were corrected for a solar 
velocity of 20km, and the K and M stars for 19.5km. These 
regions (averaging about a third of the total) were then rejected 
and solutions made from the remaining ones for the apex and 
velocity of solar motion and constant error. The results are given 
in Table II. 

The effect of omitting these large positive regions in these three 
classes is very marked. The constant-error term has practically 
disappeared and the values of the solar motion have been brought 
into much better agreement with the values from Classes A, F, 
and G. There has been an improvement also in the agreement of 
the declinations of the apex. 
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It may be argued that the use of a given set of elements for the 
solar motion and the rejection of those most divergent will of neces- 
| sity tend to a closer agreement with the adopted elements. While 

















TABLE I 
3Mo AND FAINTER 
Spectral Class a é No. ofStars| Obs. V. 

km km 
4516™ +64° 2 + 6 + 8 
16 47 +43 ° 4 38 + 7 
18 12 +23 4 —10 +10 
22 31 +14 3 + 6 +14 
5 54 =~ 14 +25 + 7 
DLs ciao saeaweeetenerwe 4 60 —68 2 +22 + 6 
Ss . —25 4 +33 +14 
9 11 —63 4 +23 +9 
10 0 ~—s 2 +19 + 9 
13 6 —47 15 +12 +9 
14 46 —45 9 + 6 + 6 
( I 15 +15 6 +20 +17 
4 30 +16 6 +23 +11 
8 58 +16 7 +23 +14 
8 58 +74 2 + 4 +10 
9 0° +40 3 +17 +14 
IO 43 + 6 2 +16 +12 
K 19 9 +68 3 +21 +36 
= 20 57 +26 4 ° +155 
3 17 —70° 4 +27 +14 
5 9 —69 5 +29 +14 
6 50 —69 5 +31 +16 
7 4 —44 8 +34 +16 
8 36 —68 4 +26 +12 
t 9 3 —18 7 +30 +16 
4 52 +40 3 +23 +17 
IO 32 +16 2 +20 +17 
22 26 +53 2 +9 +21 
3 28 8? 2 +45 +30 
Es Sik ian oelades scan ) 7 2 —46 2 +38 +20 
8 15 —27 2 +32 +15 
Ir 28 —31 I +22 +15 
13 8 —- 8 2 +18 +22 
19 56 — 28 I +14 +22 
20 50 —I19 3 + 8 +16 























this is undoubtedly true, a more important consideration would 
seem to be the proportion of such rejections and the nature of the 
observations omitted. In the present case, the regions (and 
individual stars) rejected constitute a third or less of the total in 
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each of the three classes. The residuals in these rejected regions 
after correction for solar motion, in each class, show considerable 
uniformity in size, an increase from class to class, and, perhaps 
most important of all, average from two to four times the size of 
the constant error found from the solutions. A conclusion which 
rests upon only one-third of the data can scarcely be considered as 
established. No one would think, for example, of proposing as 
characteristics an increase of velocity with increasing age, or a 
magnitude-velocity equation, or almost any other, if it were 





























TABLE II* 
. A D | Yo | © | Sam | neetins 
km km 

Bie Mo and fainter—all . .| 276°0 | +29°6 | —20.3 | +4.0 193 31 
Rejecting 11 regions.| 274.1 | +28.5 | —19.4 | +1.2 130 20 
ee =. .| 274.2 | +25.6 | —20.7 | +3.6 301 63 
Rejecting 14 regions.| 268.1 | +30.5 | —17.7 | +0.1 325 49 
Shosnitingy .| 269.7 | +31.7 | —22.9 | +4.0 65 31 
Rejecting 10 regions.| 265.4 | +31.9 | —18.8 | —3.2 45 21 

a? p- ighter— 
classes ...| 258.0 | +41.5 | —18.9 | +1.0 110 33 





*The results in this table depend upon Campbell’s catalogues of radial velocities. 
Velocities of 50 km and over in class K, and 40 km and over in class M, were omitted. 
Each equation of condition is the mean of all the stars in a region 25 in right ascension by 30° in 


declination. 
known that two-thirds of the data failed to show it. The constant 
error in question seems to be no exception. I see no reason why 
this conclusion as to the sufficiency of evidence should not apply 
to the question of a constant error, whether there are any peculiari- 
ties of distribution or not—that even without any other evidence 
we should be fully justified in concluding that the excesses observed 
cannot be ascribed to a constant error. In any case the burden 
of proof is certainly upon the constant-error explanation. But 
there are other points bearing upon its reality as a constant 
error: 

1. There is undoubted system in the distribution of these large 
residual velocities. 
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2. The assumption of a constant error does not reconcile the 
values of the solar velocity derived from the different spectral 
classes. 

3. The brighter stars by themselves show only a very small 
excess although more than half belong to the spectral classes B, K, 
and M. 

4. There is strong evidence that the general motions of the stars 
of different spectral and other classifications are different. It 
therefore seems not improbable that the observed residuals are 
nothing more than motion and may be related to these differences 
of general motion. 

5. It seems more natural and reasonable to ascribe the residuals 
observed to motion, which we know exists, than to a physical 
cause of which there is no direct evidence whatever, even if there 
were considerable uniformity in those excesses. 

The system of 1300 stars upon which these investigations are 
based yields an apex differing 5° from that used in the elimination 
of the solar motion for the purpose of isolating the peculiar regions. 
The application of the correction for this difference of apex and 
the constant error of +1.9 km from all of these stars would not 
obliterate the large values which have been rejected—those pecu- 
liarities would stand out almost as strikingly as they do without 
such corrections. The very fact that the values of the solar 
velocity and of the K term from all of the stars are a compromise of 
the values found from the spectral classes separately is further 
evidence that constancy is not necessarily implied but must be 
proven quite independently of the solutions. 

The foregoing results appear to be sufficient, without discussing 
other evidence, to justify the conclusion that the observed residuals 
in the solutions for solar motion from radial velocities are not suffi- 
ciently uniform to be treated as a constant error, but are much 
better explained by motion. 

OBSERVATORIO NACIONAL ARGENTINO 


C6RDOBA 
August 2, 1916 
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ON THE ORBITS OF THE SPECTROSCOPIC BINARIES 
a ORIONIS AND a SCORPII 


By JOSEPH LUNT 


These two stars a Orionis and a Scorpii have the peculiarity of 
showing the smallest range of variation of radial velocity of any of 
the spectroscopic binaries for which orbits have been derived, the 
semi-amplitude of the velocity-curve being only 2.45 km per sec. 
in the case of a Orionis according to Bottlinger’s elements,’ and 
2.12 km according to Halm’s elements? in the case of a Scorpii. As 
these quantities are comparable with the accidental errors of the 
observations, it is of interest and importance to examine the evi- 
dence on which the orbits are based and to supplement it by meas- 
ures of a large number of plates taken at the Cape, of which 
duplicate measures have, in most cases, been made by Halm and 
myself. It is desirable to call attention to the fact that in spite of 
the large number of determinations of velocity of these two stars 
which have been made, it is still necessary to continue the accumu- 
lation of material, as the orbits—particularly in the case of 
a Scorpii—are obviously in need of revision. 

Ludendorff called Bottlinger’s attention to the similarity of 
the orbits derived for these two stars, and the iatter states that they 
are the only spectroscopic binaries of Class IIIa of which the ele- 
ments are known. 

The case of a Orionis is of further interest from the fact that 
Bottlinger has attempted to connect the variations of radial 
velocity with the variations of brightness of the star and suggests 
a relationship similar to that found to exist in the case of stars of 
the 6 Cephei type, noting that the period and type of spectrum 
are very different. Charles P. Olivier,‘ from a discussion of 293 
observations of brightness extending over a period of nearly eleven 

* Astronomische Nachrichten, 187, 33, 1911. 

2 Annals of the Cape Observatory, to, Part III, 56c. 

3 Astronomische Nachrichten, 187, 33, 1911. 4 Ibid., 194, 81, 1913. 
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years, from 1go1 to 1912, concluded that “it was quite impossible 
to find any regularities in the light-changes.” On plotting his 
observations together with the velocity-determinations and theo- 
retical velocity-curve, no connection appears to exist, and the ob- 
servations negative the idea of a relationship similar to that found 
in the case of § Cephei and other analogous stars. 
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In order to exhibit the facts as regards the determination of the 
orbits in a graphic manner, two charts have been prepared which 
clearly show the present position of the problem and indicate what 
further work is necessary in order to arrive at a satisfactory solution. 
The original charts were made on millimeter-squared paper on a 
large scale, viz., 1 cm=o.2km, 1 cm=4o0 days, and were reduced 
photographically to a convenient size for the pages of the Journal. 


a ORIONIS 


In Fig. 1 the sinuous line represents the theoretical velocity- 
curve derived from the elements by Bottlinger. The individual 
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observations on which the orbit is based are shown, and the means 
of each group are connected by the fine broken line, the number of 
plates in each group being denoted by numerals at each of the 
connected points. The observations of different observers are 
differentiated in the diagram and they are divided into three 
periods, viz., 1896-1898, 1901-1904, and 1905-1913. The observa- 
tions in the first two periods are denoted by dates at the mean 
points in the diagram. To the rest of the observations the dates 
at the head of the diagram and the 1oo-day scale at the foot of the 
diagram apply. Included in the additional observations here 
given are 38 measures by Simpson'—published after the appearance 
of Bottlinger’s paper—from plates taken at about the same time 
as Plummer’s series. Halm’s measures, mainly duplicating those 
of the same plates measured by me but using a different standard 
plate, are indicated by the coarse broken line from 1908 to 1912, 
my measures being indicated by a continuous line. The continu- 
ous line 1906—1907 represents the means of Goatcher’s measures,? 
on the Zeiss comparator, of the same plates measured by Halm on 
the Hartmann comparator. 

It is apparent from the diagram that no point on the velocity- 
curve can be satisfactorily fixed by the measures of only one or 
two plates, and that Bottlinger’s determinations of the important 
maximum and minimum points of the curve are weak, inasmuch 
as they depend on scanty and non-homogeneous material. The 
later observations, depending on a larger number of plates, indicate 
that the minimum is earlier and lower than Bottlinger’s orbit 
demands and that the maximum is earlier and higher. Whether 
the pronounced departures from simple orbital motion which are 
so strikingly shown in the duplicate measures of the same plates 
by Halm and myself are real, and analogous to those regarded as 
established by Campbell in the case of § Geminorum, or whether 
they are instrumental in origin, is a point which can be settled only 
by further observations, preferably at different observatories with 
different instruments. 

It is evident from Bottlinger’s measures of the Potsdam plates, 
from Plummer’s measures of the Lick plates, and from measures of 


t Annals of the Cape Observatory, 10, Part III, gtc. 2 Ibid., 10, Part I, 54. 
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the Cape plates by various observers that isolated observations 
are of little value in determining orbits of binaries showing such 
small amplitude, but groups of ten or twelve plates a few months 
apart, particularly at maximum and minimum, are much needed. 
Plummer’s series of measures of Lick plates and Simpson’s of Cape 
plates at about the same epoch afford a good opportunity of com- 
paring results and indicate a difference Lick—Cape of 0.64 km. 
In the period from December 17, 1907, to April 23, 1908: 


Plummer 17 plates= 20.88 km Mean phase 12914 
Simpson 36 “ =20.24 “ ro ne 


In determining orbits of stars such as these, with such a small 
variation in velocity, there is some danger in combining heterogene- 
ous material from different observatories when corrections have 
to be applied to bring them into agreement. 

Campbell records that fifteen observations by Belopolsky at 
Pulkowo in 1898 and 1899 on the average are 6 km above his 
values for ¢ Geminorum. Bottlinger applied a correction of 2 km 
to the Potsdam and Bonn plates, but Kiistner and Zurhellen, from 
observations of the starlike mountain peaks near the lunar ter- 
minator, arrive at a correction of only 1km. Zurhellen’s values 
would therefore be 1 km higher than is shown in the diagram. It 
is not considered advisable to attempt to revise Bottlinger’s ele- 
ments until further observations are secured. 

The observations are given in Table I. 

The measures of forty-four plates by Simpson are published in 
the Annals of the Cape Observatory, 10, Part I, 54. The six measures 
of three Lick plates, 1910-1911, are published in Lick Observatory 
Bulletin, 6, 144. One plate taken on December 21, 1910, was 
measured independently by Miss Hobe and Messrs. Burns, Wilson, 
and Young, and two plates taken on March 27 and 28, 1911, were 
measured by Miss Hobe. In the diagram these are marked as 
Campbell plates. 

The Cape measures were made on a Hartmann spectrocom- 
parator. Halm used plate 3453 of a Orionis as standard plate, the 
shift of which has been taken provisionally as +45.81 km, the 
mean of three comparisons with the plate 2145 of a Tauri used as 

































































254 JOSEPH LUNT 
TABLE I 
a ORIONIS 
RapiaL VELOocITy 
PrateE No. DaTE PHAsE* L.—H. 
Lunt Halm 
km km km 
Gh oan +0 cee eat 1908 Sept. 14 tt Ser +21.52 
BEG le kasewect cexe 2I OS Sere 19.68 
a eer 22 ek RE eee 20.90 
Mss cine erredans 30 hy Se nPaaaS 20.40 
Mean, 4 plates....| 1499 |......... 20.62 
BE: the sign cienad <eaie 1909 Jan. 13 1612 | eee 
MES G ci dceseccenees 14 13 oS See 
ett abletd <'Be<0% 21 20 i 2 eer 
Se eee 23 22 te ere 
ee Feb. 6 36 17.88 19.03 
| ES re 15 45 18.37 17.92 
ae rer 16 46 19.53 19.22 
| | RSP eee 25 55 17.60 17.28 
Ses bole se cetee de Mar. 2 60 19.03 19.20 
Sei x'5 4? 4 nen es <s 10 68 18.05 18.35 
ass a ws whe kee 19 77 18.44 18.98 
Mean, 11 plates....| 1641 2 § Ee 
Mean, 7 plates....| r6s5  |......... 18.57 |—0.63 
BROS Eee wee 1909 Sept. 15 1857 18.17 19.02 
bie) cides WEG we cas 22 64 19.53 20.54 
RE a ke o> woo ne we 8 Oct. 20 92 18.92 19.58 
Rey Nov. 9 1912 19.43 18.90 
Mean, 4plates....| 1881 19.01 19.51 |—0.50 
AE ee. 1910 Feb. 15 2010 18.71 20.49 
EE ere ere 22 17 20.16 20. 36 
a0 8 e655 ove '0'k oh 25 20 21.02 21.39 
TS Sead 9 5:4:0%.0-6 4% Mar. 1 24 19.60 19.53 
| EP ee eee 5 28 2s ere 
ee ere ee 19 42 17.51 18.21 
Mean, 5 plates..... ally SA 20.00 
Mean, 6 plates... .. 2024 fn eee —o.28 
CT iis 564 ceding ee tg10 Aug. 19 3 18.52 19.45 
a se Sept. 2 17 18.54 18.87 
Rs plea’ << -eiee Fa 13 28 19.31 21.28 
CGS 6 bdiedavedee ieee Oct. 6 51 20.84 20.89 
RG wine dd sess s'suae 25 70 20.98 20.79 
add Seiceie sige ee 28 73 20.89 22.67 
Mean, 6 plates..... 407 | +19.85 | +20.66 |—o.81 











* Zero phase is taken as J. D. 2416708 = 1904 August 15, and the period as 2192 days. 
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TABLE I—Continued 
RADIAL VELOCITY 
PuaTE No. DaTE PHASE L.—H. 
Lunt Halm 
km km km 
CL 64. ce svaudaken 1g1r Feb. 16 1844 | +23.97 | +24.09 
sk tN d a0 +60 eeem 22 190 24.20 24.67 
I ak wing ek Ve 24 192 23.64 24.03 
itso acdsee 25 193 23.59 23.30 
Rak kiss 5,508 e eS 27 195 24.95 24.54 
Ri aracid vies hisen on Mar. 1 197 24.79 24.29 
BEN 6d. u¥v0ge ka epee 8 204 24.24 24.94 
Ese II 207 23.90 22.67 
eres et 13 209 24.34 24.78 
Mean, 9 plates..... 197 24.18 24.15 |+0.03 
ere 1g1r Aug. 28 377 22.49 21.08 
DID 60ds0s 04 eekeme 31 380 22.51 23.02 
ES chs once dend en Sept. 5 385 22.17 21.98 
ere er © 29 409 22.41 22.47 
Re eee Oct. 2 412 21.47 21.66 
Mean, 5 plates..... 393 22.21 22.04 |+0.17 
EE, os nah tihsaweew 1912 Feb. 6 539 23.63 | Standard 
NES. 6 wae uc aan 12 545 24.17 24.53 
EE eee 17 550 23.35 22.65 
LS 64 sunpaneuenen 21 554 23.49 23.92 
i bésecme sik saan 23 556T 26.94T| 27.36T 
Ce ee te Mar. 23 585 22.09 24.32 
a ee eee 25 587 23.41 23.65 
ee ey eee 29 591 21.67 23.45 
Mean, 7 plates..... 564 OS Tecscudias 
Mean, 6 plates..... ak: Tecnankeds 23.75 |—0.63 
a eae re 1912 Sept. 6 752 20.77 20.67 
RAP ee ee 10 ee pp oertes & 20.02 
 baiied $a8e s-twk eee 29 775 20.80 22.31 
BS 4 its ndvexdeees 30 776 eee eee 
SEE nhac e as dy.e ih ans Oct. 4 780 20.48 22.14 
SRD 4.cs Sic eo wdewetin 14 » 79° 20.64 20.60 
pe ree 15 791 20.17 20.66 
Ser rere, 23 799 19.72 20.21 
Mean, 7 plates..... 780 OB. 96 da ccnbawiae 
Mean, 7 plates..... TRS Sa eayaues +20.94 |—0.20 
ME Ga bbei vs cnesen 1913 Feb. 3 go2 ee Eee 
RE ee oe 14 913 eS eee 
Mean, 2 plates..... 9074 +0600 Loi ses dnd 




















t Plate rejected. 
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standard plate by Lunt. The plate of a Tauri has a shift of 
+77.38km, as determined by comparison with twenty solar 
plates. Halm’s measures may require a further correction when 
the shift of his standard plate is better determined. 


a SCORPII 


The diagram of velocities, Fig. 2, is self-explanatory and the 
same general remarks apply as in the case of a Orionis. Halm’s 
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published measures are confined to a part of the downward branch 
of the velocity-curve covering a period of a little over two years and 
comprising fifty plates. The individual measures of groups of 
twelve or thirteen plates show fluctuations which in range exceed 
the total variation of velocity required by the orbit derived, and 
show that measures of isolated plates are of little or no value in 
fixing a point on the velocity-curve. The remaining and major 
part of the velocity-curve depends on only nine plates, five secured 
at Lick and four by the Southern Mills Expedition at Santiago. 
The apex of the curve depends on approximate measures of three 
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TABLE II 
a SCORPII 
RapiaL VELOcITY 
Pirate No. Date PHASE* L.—H. 
Lunt Halm 
km km 
ND or edig tik nh caren 1908 July 30 1479 | —4.48 | —4.93 
| See eee Aug. 10 1490 5.65 6.38 
| ere rere II QI 5.18 5.70 
re ee 12 92 4-95 5.65 
ies 4he 00555 e ai 13 93 5.50 6.05 
Sah «bs veaeth boxe 21 I501 5.38 | Stan 
Mean, 5 plates..... Me Sere e 5.74 
Mean, 6 plates..... 1491 ee See” +0.55 
OR 6 is iivskateonde 1909 Feb. 25 1689 Ss ane 
a re SO aa July 15 1829 3-73 3.67 
NG tk shaven Aug. 17 62 4-33 4.76 
ENS ES re 26 71 SOE Eesuaceaks 
Sched dake pen 27 72 2.22 3.00 
its: i646 ohne wack Sept. 2 78 3.74 4-53 
daw «sen ausweween 3 79 4.38 3.99 
Mean, 5 plates..... a See 3-99 
Mean, 6 plates..... 1865 a ee eee +0.33 
BL 5 5d bein aeaeeee 1910 Feb. 20 2049 eS By Bete ae 
ee Mar. 1 2058 5.38 4.97 0.00 
Mean, 2 plates..... 2054 OO Moedces 
OUR sv aicasesSdeaxecs 1910 Aug. 2 04 3.85 4.49 
SEN x hatha saxcelen 3 95 3-74 5.22 
RS a eee Sept. 6 129 3.94 4.33 
ES ees 21 144 3.49 3.56 
DE Guccvachuc a aseks as 29 152 3.48 3.47 
CES 40: cow atu wenes Oct. 4 157 Re ape anieas 
Mean, 5 plates..... OO Beas vistas 4.21 
Mean, 6 plates..... 129 ge Ree ae +0.59 
I ohne 488 bog eee 191r Jan. 31 276 4.24 4.19 
MES cba cc gee ones Feb. 2 278 5.19 4-49 
ils an sink ecadteba 6 282 4.65 4.72 
Be G8 bnd > eee euke 15 291 5.39 5.57 
DS d,s siemens ee 16 292 4.68 4-74 
RS nisi din Vapeach gibinie a 20 296 4.78 4.95 
Mean, 6 plates..... 2864 —4.82 —4.78 |—0.04 





t Radial velocity 4.98 in diagram in error. 








* Zero phase taken as J.D. 2416674 =1904 July 12, and the period as 2118 days. 











258 JOSEPH LUNT 





TABLE II—Continued 












































RADIAL VELOcITY 
Pirate No. Date PHASE L.—H. 
Lunt Halm 
km km km 
is di becuse 000 6ks 1g1r July 18 444% PE Betcanauee 
EN aia wakceideite ats 31 457 3-73 | —3-74 
Bhs as. So wees saci Aug. 14 471 4.40 3.91 
ES ake barter beeedie'’ Sept. 15 503 2.92 3.22 
PL igtii< ew epeentens 29 517 1.99 2.97 
Mean, 5 plates..... 478t ag Se eee 
Mean, 4 plates..... Me. . Gikicwsoass 3.46 |+0.10 
RE Ls cca op Vtes 0:4 010 1912 Jan. 29 639 3.25 3.04 
EER ee Feb. 8 649 2.89 3.64 
ee eee 12 653 2.23 2.48 
Ld 6 09.0084 saw 'siee's 22 663 4.60 4.67 
Ce wes ee sess 4900 27 668 4.17 3.84 
MNES Wikked ah 4-0 00 0 6 28 669 3-97 3.85 
SS Pee eee Mar. 17 687 WM Beenesas i 
0 Ee ere 21 691 2.74 2.68 
RNG Palthibee ss 2s <5.0 31 701 oh Ge Peeper 
EE ee April 8 709 Se ee 
Mean, 7 plates.... ne: Ee 3.46 
Mean, 10 plates.... 673 MED Bea vaca ie +0.10 
ES ee 1912 July 29 821 3.94 3.18 
ND drier a hat away ed 5.0 Aug. 7 830 2.12 2.40 
CONE ee ae 10 833 3.51 3.21 
eee 19 842 0.90 0.45 
eee e ines oeeide 30 853 1.69 1.55 
DC dwdds otneosewes Sept. 2 856 1.29 1.80 
BES 8s Pm ascn's w0 6 860 1.42 I.98 
Bs 6S Seve awegip 30 884 1.09 1.87 
Mean, 8 plates..... 8474 —2.00 | —1.96 |—0.04 








t Phase shown as 465 days in error. 


Santiago plates—mean, —o.2km per sec.—and one Lick plate 
belonging to a previous period. Two other Lick plates which 
place the observed maximum at +1.2km have been left out of 
account, but if these are included and the revised' values of the 
three Santiago plates are used, the mean of the five 1905 platesis 
1.09 km above the theoretical maximum of the curve, and the two 
Lick plates place it 2.16 km above the curve, leaving the maximum 
very uncertain. The minimum of the curve depends on three 
Lick plates taken in 1897, and the period depends mainly on the 


* Publications of the Lick Observatory, 9, 257. 
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coincidence in velocity between one Lick plate at 1902.4 and five 
Cape plates at 1908. 2, giving a period of 5.8 years. On the ascend- 
ing branch of the curve there is only a single Lick plate. 

The velocity-curve derived from measures of fifty plates from 
July, 1908 to October, 1912—subsequent to the first series measured 
by Halm—does not follow the course prescribed for it by the orbit, 
but indicates that the maximum of the curve had not then been 
reached. It indicates that the period must be lengthened very 
considerably and that a satisfactory orbit cannot be derived until 
the observations are extended to give a determination of the apex 
of the curve. In view of the small range of variability it is desirable 
to secure observations in groups of plates, say ten to twelve, at 
intervals of four to six months, and that the observations should 
be duplicated at different observatories. 

The observations are given in Table II. 

Halm used Plate 1846 of a Scorpii as standard plate. 

Lunt used Plate 2145 of a Tauri as standard plate. 

Shift of 1846 taken as +23.43 km, the mean of four compari- 
sons with plate 2145. Shift of 2145 taken as +77.38 km, the mean 
of comparisons with twenty solar plates. Halm’s measures may 
require a further correction when the shift of his standard plate 
is better determined. : 

ROYAL OBSERVATORY 


Cape or Goop Hope 
April 1916 











ON THE ORBIT OF THE SPECTROSCOPIC BINARY 
o PUPPIS 


By JOSEPH LUNT 

The variable radial velocity of this star (for which a=7"26™1, 
5= — 43°6’ [1900]; magnitude, 2.99; type, K5M) was announced in 
Lick Observatory Bulletin, No. 75 (3, 111) as detected by Dr. Palmer 
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in measures of 4 plates taken by the D. O. Mills Expedition, | 
Santiago, in 1904. 

Thirty-three plates of the spectrum of this star were obtained 
at the Cape between January 4, 1909, and March 11, 1915. The 
measures of these confirm the variability, and suffice for a prelim- 
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inary determination of the orbit, which appears not to have been 
published previously. 

Table I gives the observations, in which the four Santiago 
plates* are included. The diagram shows the observations com- 
pared with the theoretical velocity-curve computed from the 
following elements derived by graphical methods: 





























TABLE I 
Plate No. Date b. — - | Plate No. Date _ Valeity 
km km 
1904 Jan. 15*| + 86.8 ee 1914 Jan. 22 | +107.5 
29* 89.0 ae 27 110.1 
Oct. 25* 98.1 _ 3 28 109.2 
Dec. 22*| 103.4 ieee Feb. 23 104.3 
DOT iss cee 1909 Jan. 4 91.8 ee Mar. 9 99.7 
eee 1g1r Feb. 7 86.2 oe 14 98.4 
ae Mar. 25 107.6 ae 31 88.8 
a Oct. 25 85.7 CO ee Apr. 28 78.1 
$406. ..... 1912 Jan. 5 106.0 ~~ ae Nov. 30 96.5 
eS eee Feb. 20 89.8 4468...... Dec. 28 83.1 
a Se Mar. 26 77.8 a are 191s Jan. 11 81.3 
ee 1913 Dec. 11 89.5 4476...... 19 77.6 
Vee 19 93-3 See 26 76.7 
Ms sa. .-2 21 94.6 4489...... Feb. 4 77.0 
eee 1914 Jan. 6 103.2 a 10 74.2 
ee 8 103.3 4506...... 25 69.2 
Sa 12 105.4 a Mar. 6 71.3 
400...... 14 105.1 eae II | 74.8 
ae 19 108.1 | 
* Santiago plates. 
t Correction +2.1 km applied. 
P= 258 days . 
T= J.D. 2420419 
w= 350° 
e= 0.2 
K= 18.0km 
asini= 62,570,000 km 
V.=+88.5 km 


* In Publications of the Lick Observatory, 9, 148, the following revised values of 
these velocities are given: 


+85.37 +89.00 +96.95 wt}  +102.79 km 
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The figures placed beside the observations represent the num- 
ber of periods which must be added to the date of observation to 
bring it up to the date given at the head of the diagram. 

The determination of the minimum of the velocity-curve is 
weak and includes two doubtful observations, but as no opportunity 
occurs to revise it until March-May 1917, it seems desirable to 
publish the data already secured. 

In Table II the observed velocities, with the values derived 
from the theoretical curve, and their differences, are given in 
order of phase. 


" TABLE II 


OBSERVATIONS OF ¢ PupPIS ARRANGED IN ORDER OF PHASE 






































Phase oO. Cc. 0.-C. Phase O. c. 0.-C. 
km km km km km km 
of....|+109.2 |+109.7 —0.5 149%....|+ 74.8 |+ 74.2 +0.6 
0.6%... 106.0 107.3 —1.3 ae 86.8* 86.2 +0.6 
— oe 104.3 105.3 —1.0 ee 86.2 86.2 0.0 
desc 103.4* | 103.5 —o.1 $06... 85.7 87.0 —1.3 
ae 99.7 99.2 +0.5 ee 89.5 88.9 +0.6 
ee 98.4 96.8 +1.6 ee 91.8 90.6 +1.2 
Y eee 96.5 905.4 +1.1 ae 89.0* 92.6 —3.6 
ee 88.8 89.2 —0.4 oe 93-3 92.6 +0.7 
_ ee 89.8 87.7 +2.1 PR cscs 94.6 93.6 +1.0 
ee 83.1 84.1 —1.0 oon 98.1* 99.3 —1.at 
ae 78.1 80.0 —1.9 eee 103.2 102.2 +1.0 
a 81.3 80.0 +1.3 _ eer 103.3 103.2 +0o.1 
"SSSR 77.6 78.2 —o.6 O08. sexs 105.4 105.0 +0.4 
ae 77.8 77.6 +0.2 ee 105.1 105.9 —o.8 
ae 76.7 76.9 —0.2 ne 108.1 107.7 +0.4 
a 77.0 75.6 +1.4 ae 107.6 108.0 —0.4 
sis. 74.2 75.0 —o.8 ee 107.5 108.5 —1.0 
oe 69.2 74.0 —4.8 Pee 110.1 109.5 +0.6 
ae 71.3 74.0 —2.7 258o0ro4| 109.2 109.7 —0.5 
* Santiago observations. 


t Correction +1.1 km applied. 


The measures were made on the Hartmann spectrocomparator, 
using Plate 2145, of a Tauri, as standard. 
RoyAL OBSERVATORY 


Carer or Goop Hope 
April 1916 























ERRATA 


Vol. 42, December 1915, “The Elements of the Eclipsing Systems TV, TW, 
TX Cassiopeiae and T Leonis Minoris,” by R. J. McDiarmid: 
Page 422, last line, for ak? read ajk* 
** 431, sixth line, for c read C 
** 432, Table VII, the following numerical values should be substituted: 














| Uniform | Darkened 
a, 0.285 ©. 287 
b, 0.271 0.277 
a, ©. 301 0.325 
by 0.285 0.314 
Py 0.137 0.127 
Pr 0.055 0.044 











Distance in light-years 1030 


This change in dimensions of stars means that the larger star is the fainter 
in both cases, so that in Fig. 2 the stars are interchanged. 


Vol. 43, June 1916, “Researches on Solar Vortices,” by Carl Stérmer: 
Page 348, second equation, for } read qo. 

“* 352, delete fourth and fifth lines from bottom. 

“* 363, interchange legends of two parts of Fig. 9. 
401, second formula, the quantities between the inequality signs are 
two parts of a single expression. The comma should be replaced by 
multiplication sign. 
Delete last sentence of the second paragraph of Section XIV. 





“cc 








_— 


Vol. 44, September 1916, ‘Some Determinations of the Apex and Velocity of 
Solar Motion from the Radial Velocities of the Brighter Stars, Including 
an Apparent Relation to Proper Motion,” by C. D. Perrine: 

Page 107, Table I, fifth column, V@ (North), next to last line, for +2.3 
read +0.7. 

Page 114, Table VII, fifth column, K, next to last line, for +4.3 read 
+3.6. 


Vol. 44, September 1916, ‘The Minimum Radiation Visually Perceptible,” by 
Herbert E. Ives: 


Page 127, fifth line, for 0.381078 





ergs 


ead 0.38 —8 
Sisson’ 0.38X 107° ergs per 


second. 
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NOTICE 


* The scope of the ASTROPHYSICAL JOURNAL includes all investigations of 
radiant energy, whether conducted in the observatory or in the laboratory. 
The subjects to which special attention is given are photographic and 
visual observations of the heavenly bodies (other than those pertaining to 
“astronomy of position”); spectroscopic, photometric, bolometric, and radio- 
metric work of all kinds; descriptions of instruments and apparatus used in 
such investigations; and theoretical papers bearing on any of these subjects. 

Articles written in any language may be accepted for publication, but 
unless a wish to the contrary is expressed by the author, they usually will be 
translated into English. Tables of wave-lengths will be printed with the 
short wave-lengths at the top, and maps of spectra with the red end on the 
right unless the author requests that the reverse procedure be followed. 

Accuracy in the proof is gained by having manuscripts typewritten, 
provided the author carefully examines the sheets and eliminates any errors 
introduced by the stenographer. It is suggested that the author should 
retain a carbon or tissue copy of the manuscript, as it is generally necessary 
to keep the original manuscript at the editorial office until the article is 
printed. 

All drawings should be carefully made with India ink on stiff paper, 
usually each on a separate sheet, on about double the scale of the engraving 
desired, Lettering of diagrams will be done in type around the margins of 
the cut where feasible. Otherwise printed letters should be put in lightly 
with pencil, to be later impressed with type at the editorial office, or should 
be pasted on the drawing where required. 

Where unusual expense is involved in the publication of an article, 
either on account of length, tabular matter, or illustrations, arrangements 
are made whereby the expense is shared by the author or by the institution 
which he represents. 

Authors will please carefully follow the style of this JoURNAL in regard 
to footnotes and references to journals and society publications. 

Authors are particularly requested to employ uniformly the metric units 
of length and mass; the English equivalents may be added if desired. 

If a request is sent with the manuscrip~t, one hundred reprint copies of 
each major article, bound in covers, will be furnished free of charge to the 
author. Additional copies may be obtained at cost price. No reprints can 
be sent unless a request for them is received before the JoURNAL goes to press. 

The editors do not hold themselves responsible for opinions expressed 
by contributors. 

The ASTROPHYSICAL JOURNAL is published during each month except 
February and August. The annual subscription price is $5.00; postage on 
foreign subscriptions, 62 cents additional. Business communications should 
be addressed to 7he University of Chicago Press, Chicago, /ll. 

All papers for publication and correspondence relating to contributions 
should be addressed to the Editors of the ASTROPHYSICAL JOURNAL, Yerkes 
Observatory, Williams Bay, Wisconsin, U.S.A. 
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